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PREFACE 



'ELEVENTH EDITION. 



THE publishers having informed me Ihat they were about 
to issue a new edition, I endeavored lo dissuade them 
from it, on the plea that the more comprehensive works of 
Henck, Searles, and Shunk (all of which, in addition to curves, 
treat on levelling and other field operations) were better 
adapted to the purposes of young Fissistants. 

Their reply was that the continued demand for my book 
proved that some persoae preferred lo have the subject of 
curves in a portable form, by itself. Therefore, partly on that 
ground, and partly from a wish to show how some of the more 
useful problema may be applied to curves exceeding 180°, I 
assented to a new edition, and, rather hastily, prepared Hub. 

The extension beyond 1S(P has not, I believe, been hitherto 
attempted, although its utility has of late years been made 
evident in the tortuous canyons of our Western States and of 
Mexico. 

The additional matter has nearly doubled the number of 
pages. 

The number of problems might be indefinitely Increased by 
ihe aid of Euclid, or of any good modern work on geometry ; 
but in fact very few are required in actual practice. Any ex- 
traordinary ones that may present themselves can be solved 
by a drawing. In preparing his drawing for this purpose, the 
yonng assistant need not always confine himself to such scales 
as may be managed by the common dividers ; but when, as 
often happens, only a few chains of the curve need be drawn 
(including turnouts, etc.), he may with great ease lay them 
off on the same principle as iu field operations, by using his 
I" V 




PREFACE TO THE PRESENT EDITION. 

protractor, and eiiher by long chords, or by tangential and de- 
tlention distances and anglee; enip)o;^ng&BeaJe«f 3 tol2,£:tj^ 
iiK-liRH to 100 feet, and filling in thi: intervals, when required, 
by the table of ordinates. Even when the preliminaries of 
a curve liave been found by calculation, it generally has to 
bo run two or three times on the ground licfore it will fit per- 
fectly ; therefore a resort to a drawing does not necessarily 
ini:cease the field work. 

Tbe description of the transit, and its ac^ustmentB, will, I 
truBt, be found acceptable. 

From Mr, Shunk'a excellent "Field Engineer" I have 
adopted the term "Apex iJiafance," as preferable to tbe usual 
'^Tangent Distance." 

In Art. 38 I suggest a new mode of easing-off tbe ends of 
curves. 

The Table of Natural Versed Sines to 360° will be of use in 
curves of great arc. 

It may prevent embarrassment to state that for what t call 
the " Thnge^Uial " angle, Mr. Ilenck afterwards adopted " De- 
_flection " angle; and for my "Ztyleciioii" angle he employs 
"ifegrM of Ourue." Mr. Searles adopts Mr. Henck's terms, 
and Mr. iShuuk mine. 

In conclusion, owing to nervous prostration, I should not 
have been able to prepare this edition, but for the efficient 
Aid of my younger son, J. C. T., Jr., upon whom nearly the 
entire labor devolved, and to whom I consider this acknowl- 
edgment due. 

Uuder more favorable circumstances of health and limit of 
lime, it is probable that in some cases neater solutions would 
have suggested themselves. 

JOUN C, TUAUTWISE. 

PUILADELFIIU, Jul)/. tSSI. 




I RAVE been induced to prepare (his little volume almwt entirely 
with reference lo the wants of the many jonng men who desire to 
i[nali[y themselves fur field ttervice in an Engineer Corps. On that 
nceoiint, I have endeavored, by the uue of the plainest language, to 
render the subject intelligible to them, — dispensing with that mathe- 
matical brevity which would have better accorded with the reqnire- 
nients of those who have already attained to Konie degree of pro- 
ficiency in elementary field operationB, Still, I trust that it will not 
prove unacceptable even to the latter. 

The Table of Natural Sines and Tangents lo single minutes, In a 
form sufficiently portable for field use, will supply a want which I 
have myself frei|iiently experienced, not only in the operation of lay- 
ing out cnrvei!!, bnt on many other occasions. 

One object in preparing it, was to furnish the profession with a 
Table that should be not only poitable, but abioluiely rdiidik. Those 
whose occupations compel them to resort to the Tables In common 
nse, maa have frequently experienced, like myselF, the extreinc em- 
barrassment which attends the innccuracies to which they are all 
subject. So long as a Table is known to contain a single error, the 
pomtion of which is not ascertained, its employment is attended with 
doubt in every instance in which we arc obliged to refer to it. On 
this account, I have not only prepared these Tableu with the moot 
scmpulous care, wiiile in common type, but in order to render their 
Bcciiraey a matter of certainty, I had them stereotyped, and after- 
wards revised three times with the utmost caution. I therefore feel 
no hesitation in saying that they may be depended upon abnolultly. 
The same remark applies to the other Tables contained in the volume. 

As Hassler's and Mutton's Tables of Natural Sines and Tangents 
ore those most in use among the profession, it will be desirable to 
those persona who possess them to be able to correct the following 
erwre, which I detected in comparing tbein. 



i 
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PRRFACE TO FITJ^T EDITION. 



Jn irtfHoM'a mbles, rtftU Ettlttou, IS It. 

Sine of 6° 8', for -1063425, read -1068425. 
Page 328, at tcip, for 25 Deg., read 4U Deg. 
Tangeiit of 44° 60', for "1000000, read l-QOOOOO. 
Tangeot of 41° GO', for ■a«94O40, rem! '9004040. 

n Br. Gregom'it Vmrreetejl FMition (the Sth) of Huttnn'm 
TableM, lasa. 

Sine of 49" 14', for 757G7S], read -7673751. 





Sine of 78° 24', 


read -9795752. 


Sine of 20° W, 


" -3583679. 


Sine of 66° 19', 


" -9157795. 


Sine of 56° 3fi', 


" -8353279. 


Sine of 55° 20-, 


" -8224751. 


Sine of 63° 4', 


" -7993352. 


Bine of 48° 12', 


" -7454760. 


Bine of 45° 3', 


" 7077236. 



It is scarcely necesary to remark that, beyond 44°, the Sines, Tan- 
gents, etc, are read uptwmb, from the bottom of the page, using tlie 
corresponding column of minutoi. To Gad the sine of an angle ex- 
ceeding 90°, subtract the angle from 180°, and talceout Ihesineof the 
remainder — because the sine of an angle, and Chat of what it wants 
of 180°, are the same. John C Tbautwine. 



BEMABES. 

The prindple upon which rulroad curves are laid out, Is found in 
Euclid. It was employed in 1761, in tracing the northern boandaiy 
of the Stale of Delaware. Col. Stephen H. Long, of the U. 8. Army, 
was the GrsI person who reduced it, by means of appropriate rules 
and tables, to the form now in general use. Professor Bankine, in 
his "Civil Engineering," claims to have 1>een the Drst to publish the 
method in 1843 ; but states that he had used it in 1841. Col. Long's 
" Railroad Manual," with full rules and tables for curves, was published 
early in 1829 ; and was in general use among Engineers throughout 
the United States for twelve jeurs before the earliest date claimed by 
Piof. Raokine. Samuel W. MilSin, C. E., of Pennsylvania, also pub- 
lished his "Railway Curves," haseii on the Esame principle, in 1837. 

My first edition was in 1851. Mr. Henck's widely known atandard 
" Field-Book for Railroad Engineers " followed in 1854. 

j.aT. 
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To lay out a Cnrre by means of Tangential Aisles. 

If from any point B, Fig. 1, in a straight line A D, we 
lay off any number of equal 

angles, as DB«,«B^<Bw, * b " 

u B V, etc., and at the same 
time make tlie chords B «, a /, 
tu,uv, etc., equal to each 
other ; then the points E, s, (, 
u, V, etr™, will be situated in 
the circumference of a circle, 
which is taogeutial to the line 
A D at the point B. 

Tlie (ii'^t of these angles, " 
DB8,'iseidIe(l thv Inngentiai 
nn^fe,ai)beiug that by which 
the curve is connected with the tangent A D ; but inaHmuch 
48 the others are all equal ti> it, they also are called tan- 
gential angles. 

If any obstacle, as h, should prevent our seeing from B 
fai-ther than to v, the curve may be continued by removing 




14 PRINCIPLEfi OF LAYING OUT CURVES. 

the mstrumeiit to v, the [)oint pre««liiig v ; thence sighting 
first on v, continue to lay oH' additjoiml taugeotial ungles 

V w lOj M M af, etc., as before. Or else, moving the instru- 
ment to v itaelf insttad of to u, sight hsuik to n, and lay off 
first the exterior anglep v w, equal to dovbh the tangential 
angle, and af^rwara continue the tangential angles wvx, 
X V (J, eto., as before, to the end of the curve. 

Finally, in order U> pass from tlie end of the curve at j/, 
on to a tangent g 2, place the instrument at g, and sighting 
back to X, lay off the tangential angle x g 0; then o g 
continued toward z will be the required tangent, (See 
Art. IV.) 

For the tangential angles corresponding to different radii, 
and chords of 100 feet (the length adopted in this book), 
see page 18. 

Proof 0/ Method, 1.— Equal angles, « B (, ( B m, etc., at 
the cireuniference of a circle, are subtended by equal chords, 
s t, t u, <-te. EuelUI. 

Remark, — In practice it will be more accurate to re- 
move the instrument to i' ; sight back to B, and lay off 
the angle B « ^ equal to D B r, thus bringing the telesooi)e 
to sight along u /, Then u I will be a tangent to the curve 
at r. Revolve the telescope, and it will then sight along 

V r, which is a continuation of the tangent v l. Then from 

V lay off tangential angles c v w, w v x, x v g, etc., as 
before ; at the same time making the chords v w,vjx,xg, 
each 100 feet. 

AETICLE 11. 

To lay out a Curve by means of Deflection Angles. 

Fig. 2. First, having, as in MelliiHJ 1, laid off a tangen- 
tial angle D li «, and mtusun^l the ilioni B n, i-eiimve the 
instrument to the end s of the chord, and make the ex- 
terior angle m « / equal to tvyU.'v the tangential angle, and 
measure the chord h f ; and so on at the other points (, w, t', 
etc., making eaeh of the exterior augles n ( it, « t;, etc., 
e<|ual to twice the tangential luigic, and all the chords et^ual ; 
then will the ixiiuts B, «, t, a, v, eta., lie in tlie circum- 
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fcrenie of a circle which ia tangential to the line A D at 
the point B, a.t by the first method. i 

But if, at any of these pomfs, aa r, wo wish to pass off to 
a tangent v L, employ at that . 
point the tanffentttuansln z v L, "~" 
equal to half the aefiectiou 
angle z v w. (See Art I\ ) 

rheae exterior angles in 
chided between any thord and 
the extension of the preceding 
chord, are called cliord deflaiion 
angle*, or simply directum an 
glee, or sometimes angles of cur- 
vature. In any given circle, the 
angle of deflection is always 
precisely double the tangential 
angle, supposing the chords to 
be equal. At page 18, we give tables of the angles eor^ I 
responding to circles of different radii, embracing the^limits f 
of railroad practice ; and calculated for chords 100 feet ia 1 
length, tliat being the usual length for a measuring-chain 
on public works. 

Proof of Method 2. — Equal angles, tcu,tc8, etc., at the 
center of a circle, as well as those at the circumference, are 
subtended by equal choi'ds, t n, f «, etc. ; and the deflection 
angles, n lu,ms t, etc., are equal to the angles, iou,tct, etc., 
at the center of the circle, subtended by one of the equal 
chords ( M or f 8. This angle at the center, so subtended, 
is called the chord central angle. The tangential angle, 
being always half the deflection angle, is, of couree, always . 
half this central angle. The dejkction utigk gives the curve 1 
its name; thus a 3°, 4°, or 10° curve is one whose defieo- I 
lion angle ia 3°, 4°, or 10°. 



16 



PRINCIPLES OF LAYING OUT CURVES. 



ARTICLE III. 

METHOn 3. 

To lay out a Curve without a Transit. 

The defkdion angles, Fig. %e8t,ftu,guv,hvwy etc., 
being double the tangential angle D B «, the arcs e dty 
f i u, g m V, h n w, etc., are double the arc D c s, since 
the arcs of circles are proportionate to the angles which 
they subtend; but the chords e t,fuy g v,hwy etc., are not 
double the chord D «, since the chords of arcs are not pro- 
portionate to the arcs, or to the angles which they subtend. 
The chords e ty fu, g Vj h w, etc., which subtend the 

* deflection angles, are called 

deflection distances ; and the 
chord D 8, which subtends 
the tangential angle, is called 
the tangential distance. 

But although, in any given 
circle, the deflection distance 
is not truly twice the tangen- 
f tial distance, yet the differ- 
ence is so trifling in large 
railroad curves, with chords 
of but 100 feet, that it may 
be entirely neglected in 
curves of more than 300 
feet radius, as seen in the 
table, page 18. In that table 
the correct length of both will be found for different radii^ 
and for chords of 100 feet. 

Having these respective distances, we may frequently 
trace a curve on the ground by the eye only, with very 
tolerable accuracy, sufficient for guiding the excavations 
and embankments, especially on nearly level ground. Sup- 
pose, for instance, it be required to lay out in this manner 
a curve of 5730 feet radius. 

First, find by the table, page 18, or by Art. XIII., the 
deflection distance e ty or fu, etc., corresponding to a radius 
of 5730 feet for a chord of 100 feet, viz., 1*745 feet ; and 
also the tangential distance D s '872 of a foot. 
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Then fr>:>m the starting point B, and in line with A B, 
measore B D equal 100 feet ; and put a ohain-pin at D. 
Abo from B, me^isure the chord B a, etiual 100 feet ; at the 
oame time measurii^ with a graduated rod, from the pin 
J), the tangential distance D «, equal to '872 of a foot ; and 
|dkcc a stake at s. The pin at D mar theo be removed. 

Next, make s e equal 100 feet, placing a piu at e, prw- 
tasAy in line with « B ; also from » measure s ( equal 100 
' ^ ; at the same time measuring with the rod from tJie pin r, 
the(iQfe(^w>ndistancecf, equal to l'743feet. Place a stake 
■t t, and remove the pin at c. In tliis manner pn^'Ced to 
find other points as far as the end of the curve at r. . 

In order to pai^B from the cui-ve, as at c, to a tangent t- L, 
proceed as before, only tuning the tangential distance h n, 
nstead of the deflection distance k w. (See Art. IV.) 

This method is abundantly accurate for laying out cuires 
On a canal, or common road ; aud will oct^asionally answer 
'Very well, when carefully performtxl, for railruoil curves, 
in the absence of an instrument. Thin straight rods, iron- 
pointed, and a plumb line should be used for ranging the 
points in the latter case. 

Hules for calculating radii, distances, and angles, are 
riven fiirther on. 
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TABLE OF RADII, 


Etc-Chord 100 Feet 






TAe 




Angit .-. uLeag, o 


..*<.(/■ q/ 


Ihi A«g 


o/ Drfitrii 


n. 






*.ii..r 


bdlo. 


I»n»<b.a 


T.°(..UU 




R^u 


D.ll»u.. T« 


„„uu 






ItaDHtln.. 


I.[M- 


IntaT 


'h^'sr 


iiSEi£,. 


i»r™. 


loiEr t 


■ftH" 




1 


818775 


■029 


■014 


44 


7813 


r279 


639 




2 


171B87 


■058 


■029 


45 


7039 


r308 


B64 






3 


114592 


•087 


■043 


46 


7473 


V337 


668 






4 


850*4 


■116 


■058 


47 


7314 


1^366 


683 






5 


68766 


-14.5 


■072 


48 


7162 


\-m> 


607 






-« 


67296 


-174 


■087 


49 


7010 


1-424 


712 






7 


49111 


■203 


■101 


60 


0870 


1463 


726 






8 


42fl72 


■232 


■116 


51 


6741 


1^4a2 


741 






I) 


86197 


■262 


■131 


52 


6611 


1-513 


767 






10 


84377 


■2»1 


■145 


5;i 


6486 


1^642 


771 






11 


31252 


■320 


■160 


54 


6;J66 


I 671 


786 






12 


28B48 


■340 


■174 


55 


62S1 


1-600 


799 






13 


26444 


■378 


■180 


50 


6130 


1-629 


815 






U 


24555 


■4in 


■203 


57 


6031 


1-0S8 








15 


22918 


■430 


■218 




5927 


1-087 


844 






lli 


21486 


■405 


"232 


o50 


5827 


1-715 


867 






17 


20222 


■494 


-247 


I 


5730 


1745 


872 






18 


IHOilS 


■523 


■261 


2 


5546 


1-802 


901 






19 


mm 


•552 


-276 


4 


5372 


1-882 


830 






20 


17188 


■581 


■200 


6 


5209 


1-920 


959 






21 


16370 


■610 


■305 


8 


5066 


1-078 


988 






22 


15626 


■630 


■319 


10 


4911 


2-036 1 


018 






23 


14947 


■608 


■334 


12 


4775 


2-094 1 


047 






24 


14324 


•697 


■348 


14 


4646 


2-162 ) 


076 






25 


13751 


■727 


■363 


16 


4623 


2^210 1 


105 






26 


13222 


■766 


■378 


IB 


4407 


2^208 1 


134 






27 


12732 


■785 


■392 


20 


4297 


2^326 1 


108 






28 


12278 


■814 


■407 


22 


4192 


£■384 1 


192 






2lt 


11854 


■843 


■421 


24 


4093 


2-443 1 


221 






30 


11450 


■872 


■436 


20 


3907 


2501 1 


260 






31 


11090 


■900 


■450 


28 


3i>07 


2-559 1 


270 






32 


10743 


■930 


■405 


30 


3820 


2-617 1 


308 






33 


10417 


■959 


-479 


32 


3737 


2-670 1 


338 






34 


10111 


■088 


■494 


34 


3657 


2-734 1 


387 






35 


il822 


1-017 


■508 


36 


3S81 


2^793 1 


306 






36 


9549 


ro4fl 


■623 


38 


3608 


2^861 I 


42S 






37 


0291 


1'076 


■537 


40 


8438 


2-908 I 


464 






38 


9047 


not 


■652 


42 


3370 


2-967 1 


488 






39 


8815 


i^iaa 


■666 


44 


3300 


3-025 1 


512 






40 


8594 


rni2 


•681 


46 


3243 


3-08:} 1 


541 






41 


8385 


1-191 


■as 


48 


3183 


3^141 1 


570 






42 


8186 


1221 


■010 


60 


3126 


3-109 1 


509 






48 


7005 


1-250 


■025 


52 


3070 


3-268 1 


629 


. 
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(Conk 


SDBD.) 


^H 




Th, 


Tiiiigealinl Angle it alicagt o 


e-h,<t/ <(f iht Ai.'jU «/ DeJItctioH. 


m 




A«t,.., 




D.g«dao 


*".K^ 




B.dl«. 


[>,d«tln. 








154 


h.«^ 


to'^r 




Du!Sh. 


lar<.L 


ISft^ 


"taSMT 




3015-7 


3-316 


1-658 


320 


1719-1 


6-817 


2-908 




50 


2963-7 


3-374 


1-687 


22 


170-2-1 


6-875 


2-937 






3=* 


2813-5 


3-432 


1-716 


24 


1685.4 


5-936 


2-966 






2864-9 


3-490 


1-745 


26 


1669-1 


6-902 


2-996 






2 


2818-0 


3-548 


1-774 


28 


1663-0 


6-060 


3-025 






4 


2772-6 


3-6()6 


1-803 


30 


1637-3 


6-108 


3-064 






B 


2728-5 


3-665 


1-832 


32 


1621-8 


6-160 


3-083 






8 


2685-0 


3-723 


1-861 


34 


1606-7 


6-224 


3-112 






10 


2644-8 


3-781 


1-890 


36 


1501-8 




3-141 






12 


2604-5 


3-839 


1-919 


38 


1577-2 


6-340 


3-170 






14 


2565-6 


3-897 


1-948 


40 


1562-9 


6-398 


3-199 






16 


2527-9 


3-956 


1-078 


42 


1548-8 


6-456 


3-228 






IS 


2491-3 


4-014 


2-007 


44 


1535-0 


6-516 


3-267 






20 


2465-7 


4-072 


2-036 


46 


1521-4 


6-574 


3-287 






22 


2421-1 


4-130 


2-065 


48 


1508-1 


6-632 


3-316 






21 


2387-5 


4-188 


2-094 


60 


1495-0 


6-690 


3-345 






26 


2354-8 


4-246 


2-123 


62 


1482-1 


6-748 


3-374 






28 


2323-0 


4-305 


2-152 


61 


1469-4 


6-806 


3-403 






30 


2292-0 


4-363 


2-182 


56 


1457-0 


6-864 


3-432 






32 


2261-9 


4-421 


2-210 


l" 


1444-7 


6-920 


3-461 






M 


2232-6 


4-479 


2-239 


1432-7 


6-980 


3-490 






36 


2203-9 




2-269 


5 


1403-4 


7-126 


3-562 






38 


2176-0 


4-59e 


2-298 


10 


1375-4 


7-270 


3-635 






40 


2148-8 


4-663 


2-326 


15 


1348-4 


7-116 


3-708 






42 


2122-8 


4-712 


2-366 


20 


1322-5 


7-561 


3-781 






41 


2096-4 


4-770 


2-385 


25 


1297-6 


7-708 


3-854 






46 


2071-1 


4-828 


2-414 


80 


1273-6 


7-853 


3-927 






48 


2046-6 


4-883 


2-413 


36 


1250-4 


7-908 


3-999 






50 


2022-4 


4-946 


2-472 


40 


12281 


8-143 


4-071 






52 


1998-9 


5-002 


2-501 


45 


1206-6 




4-145 






51 


197S-9 


5-060 


2-5S0 


50 


1185-8 


8-432 


4-218 






56 


1953-5 


5-120 


2-569 


8" 


1166-7 


8-579 


4-290 






i" 


1031-5 


5-176 


2-588 


1146-3 


8-724 


4-363 






19101 


6-235 


2-018 


5 


1127-5 


8'869 


4-436 






2 


1889-1 


5-203 


2-646 


10 


1109-3 


9-014 


4-508 






4 


1868-6 


5-361 


2-676 


15 


1001-7 


9-159 


4-581 






6 


1848-5 


6-411 


2-704 


20 


1074-7 


9-304 


4-654 






8 




5-468 


2-734 


25 


1068-2 


9-440 


4-727 






10 


180(I-6 


5-526 


2-763 


30 


1042-1 


9-505 


4-799 






12 


1790-7 


6-6S4 


2-792 


35 


1026-6 


9-740 


4-872 






H 


1773-3 


5-642 


2-821 


40 


1011-6 


9-885 


4-946 






10 


1754-2 


6-700 


2-850 


45 


996-9 


10-08 


5-017 






IB 


1736-5 


6-760 


2-879 


50 


982-6 


10-18 


5-080 




L 




^^^ 


H 




^ 
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TABLE OP EABn, Etc.— Chord 100 Feet. 






(CgSTlNUKB.) 








Tha TaiigtHliiil Angle 


nimoy. OHe-half of llii A«gU of Dcfi 


,«... 






iiftoor 


luim. 


iii^T 


tfF 


i:;s^. 


r^ir 


'Siri'' 


'iiS?' 




555 


968-8 


10-32 


6-163 


13 30 


459-3 


21-77 


10-00 




6 


055-4 


10-47 


5-235 


o 45 


450-3 


22-21 


11-12 






6 


042-3 


10-62 


5-308 


13 


441-7 


22'64 


11-34 






10 


928-6 


10-70 


5-380 


15 


433-4 


23-07 


11-56 






15 


9172 


10-UO 


5-453 


30 


125-4 


23-61 


11-77 






20 


0O5-1 


1104 


5-526 


o 45 


417-7 


23-94 


n«o 






25 


893-4 


11-20 


5-600 


14 


410-3 


24-37 


12-21 






30 


881-9 


11-34 


5-673 


15 


403-1 


24-81 


12-43 






S5 


870-8 


11-48 


5-744 


30 


396-2 


26-24 


12-65 






40 


859-9 


11-63 


5-817 


.. « 


389-5 


25-67 


12-86 






45 


819-3 


11-78 


6-890 


15 


383-1 


26-11 


13-08 






SO 


839-0 


11-92 


5-962 


15 


376-8 


26-54 


13-30 






o55 


828-9 


13-06 


6-035 


30 


370-8 


26-97 


13-52 






7 


810-0 


12-21 


6-108 


45 


364-9 


27-40 


13-73 






5 


809-4 


12-38 


6-180 


10 




27-83 


13-95 






10 


800'0 


12-50 


6-253 


c 30 


348-5 


28-70 


14-38 






15 


7B0-8 


12-64 


6-326 


17 


338-3 


29-56 


U-82 






20 


781-8 


12-79 


6-398 


„ 30 


328-7 


30-43 


15-25 






25 


773-1 


12-94 


6-470 


18 


31B-6 


31-29 


16-69 






30 


764-5 


13-08 


6-5W 


o 30 


311-1 


32-15 


16-12 






S5 


756-1 


13-23 


6-616 


19 


303-9 


33-01 


16-56 






40 


747-9 


13-37 




o SO 


296-3 


33-87 


16-99 






45 


739-9 


13-51 


6-762 


a) 


287-9 


34-73 


17-43 






50 


732-0 


13-66 


6-835 


21 


274-4 


36-44 


18-80 






1== 


724-3 


13-80 


6-907 




262-0 


38-17 


19-17 






716-8 


13-95 


6-980 




250-8 


39-87 


20-04 






IS 


6S5-1 


14-38 


7-198 


24 


240-5 


41-58 


20-Sl 






30 


674-7 


14-81 


7-416 


25 


231-0 


43-28 


21-77 






5" 


655-4 


15-25 


7-634 


26 


222-3 


44-98 


22-64 






637-3 


15-68 


7-853 


27 


214-2 


46-68 


23-51 






15 


620-1 


16-12 


8-070 




206-7 


48-38 


24-37 






30 


603-8 


16-65 


8-288 


20 


199-7 


50-07 


25-24 






D 45 




16-99 


8-506 


30 


193-2 


51-76 


28-11 






10 


573-7 


17-43 


8-724 


31 


187-1 


63-45 


26-97 






15 


559-7 


17-87 


8-942 




181-4 


55-13 


27-83 






30 


548-4 


18-30 


9-160 


33 


1760 


56-82 


28-70 






o 45 


533-8 


18-73 


9-378 


34 


171-0 


58-47 


29-50 






U 


521-7 


19-17 


9-596 


35 


166-3 


60-14 


30-43 






15 


610-1 


19-61 


9-814 


36 


161-8 


61-80 


31-20 






30 


490-1 


30-05 


]o-o:i 


37 


157-6 


63-46 


32-15 






» 45 




20-47 


10'25 


38 


153-6 


65-n 


83-01 






12 


478-3 


20-91 


10-47 


39 


149'8 


66-76 


33-87 




m. J 


15 


468'G 


21-34 


10-60 


40 


146-2 


68-40 


34-73 


1 


^ 
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ON 8TTB-CHORD8. 




ARTICLE IV. 
On Sttb-ChordB. 

We have hitherto spoken of f urvcs as if they were com 
posedofeniial chords, each 100 feet in length. It frequentljs 
liappens, however, that at the end of a curve, as at e, Fig 
4, we are obliged to use a shorter, 
or sub-chord, d e, in order to unite 
properly with the tangent ef. 

In that case, and when iixing 
Method 1, Aii. I., of layhig off 
curves by meajts of fangeidlnl an- 
gles, we must, in ortler to fix the 
point e, lay oft' at A (where the 
luatniment stands), a sub-fanffcn- 
Ual angle d A a, as much Kmaller 
than the entire tangential angle B 
A. c, or e A (/, etc., as the snb- 
hopd d e is smaller than au entire 
100 feet chord, A c, c d, etc. Thus 
if the sub-chord be one-half, or one-fonrth, etc., of the 
entire chord, the sub-tangential angle must be one-half, m* 
one-fourth, etc., of the entire tangential angle. 

This method is not mathematically exact, lor the reason 
stated in Art. III. (viz., that the chords subtending different 
angles are not proportional to those angles) ; yet, for curves 
of 300 or more feet radius, and with nhords not exceeding 
100 feet in lengtli, tlie error may be overlooked in practice. 
Should, however, greater accuracy be required at any time, 
or for radii less than 300 feet, see Art. V. 

In like manner, when we pa^ off from a sub-ehonl, as 
at e, to a second tangent, ef, we must place the instrument 
at c, and lay off the same sub-tangential angle d eg ; or, 
which is better, take sight from e to c, and lay off the 
angle c e g, equal to the suim, of a tangential and the sub- 
tangential angle. 

But when 'using Method 2, Art. II., of deflection angles, or 
Methods, Art. III., of deflection distances,we may eakiiiaie 
the sub-tleflectifm angle a B e, Fig. 6, and mih-defkdion dig- 
tance a e, foi-mefl between a sult-oJiord b e, a-nd tiie extension 
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ON SDB-CHOBI*. 



SO, of on entire chord g 9, ipitk euffMcnt acairacT/for eurvcx 
of 300 or more feA radius, and chords of not more than 
100 fed, Ih-us: {for exact method, «w Art.. V.) 

Rule. — Say, as an entire chord of 100 feet is to tlie aniv 
chord 8 e, BO is the diction angle of the curve to a certain 
angle. Add these two angles t^^ther and divide their sum 
by 2, for tlie sub-deflection angle n « p, nf the snlwhord. 
Example. — The curve, 
yf Fig. 5, has a radius of 

_.-■'■ 319*6 feet, and an angle 

.-■'" of deflection, /17 », of 1 8 ° 

for chorda of' 100 feet. 
The 8ub-cliord s c is 25 
feet in length ; what is 
the sub-deflection angle 
as e; and also the sub- 
deflection distantx a e, for 
the 6ub-chord a « ? 




Here, aa 100 is to 25," 

I>ef, Ang. of Certain 
in lUO n, CHord. An)[le. 

So is 18° to 4° 30'. 

The sum of these two angles, 18° and 4° 30' = 22° 30', 
the half of which is 11° 15', the required sub-deflection 
angle a s e, approximately enough. 

Again, to find the sub-deflection distance a e, of the sub- 
chord s e; take from the table of sinee, the natural sine of 
one-half the sub-deflection angle n« e, just found. Multiply 
this natural sine by 2, and multiply that product by the 
length of the snb-cJiord. 

Example. — The sub-deflection angle is 11° 15'; one- 
half of it is 5° 37^', the tabular natural sine of which 
is 'OSTO, which, multiplied by 2, gives -1958; and this 
multiplied by the sub-chord, 25 feet, gives 4'895 feet, the 
required sub-deflection distance a e, approximately enough. 

Finally, to _^Tirf the suh-tangentiai- distance an, by means 
of which to pass from e to the tangent e m, say, as 10000 
is to the square of the sub-chord in feet, so is the liivgentkd 
distance for a 100 feet chord, tos n. In this instance, we 
have as 10000 is to 625, so is 15-69 feet to '980 feet, orsn, 
approximately. (See Art. V.) 



ON SFB-CHORDe. 

Remark, — ^Fig. 5^. It may be iieceneary to oommeROB a 
nirvu at a point A, which is leas than 100 feet from the 
preceding station M ; and in tliis caso it conduces to con- 
venience in drawing the profile of the work, to make the 
finrt part of the curve a sub-chord A C, of such a length 
as will just make up the 100 I'eet from M. The stations 
will then coincide with the vertical lines on the engraved 
profile paper. Altliough tlie method of proceeding in this 
lase is extremely simple, and readily deaucible from what 
has been said, atill those who have not yet acquired a 
facility in applying the various modifications will not 
object to tlie following illustration : — 



Via.Sht 



Place the instrument at A, Fig. 5J, the commcnceoient 
of the curve, and first sighting back along the tangent 
A M, lay off the sulvtanguntial angle O A C, bearing the 
same proportion to the entire tangential angle of the curve 
tliat the sub-chord A C bears to the entire chord C D of 
100 feet. Then with the instrument still remaining at A, 
cont'mue the curve by laying off entire tangential angles 
C A D, D A E, etc., and entire chords C D, I) E, as usual. 

Or if, in consequence of obstructions to the view, the 
instrument has to be removed to the end C of the suli-chord 
A C, first sight back to the b(»inning of the curve at A, 
lay off a sub-deflection angle S C D = the sum of the sub- 
tojigential angle and an entire tangential angle, making 
C D an entire chord ; and continue the curve aa before, 
with entire tangential angles and chords. 

But the foUowiiig Artide, V,, contains rules far finding 
ail Uiese angles and distaiuxs exactly. 



ON siTB-rHonre. 



ARTICLE V. 
To find Sab-Tangential Angles exactly. 

Rule. — Divide hnlf tlie sub-cliord by the nulius, Tlie 
miotioDt will be the sine of tlie sul>-taugcnttal attglc. 
Therefore, find in the t^leof sinea, ct«., |iagel24, the 
sul>-taiigeatial aiigle opposite this sine. 

Example. — Wiiat is the sub-laDgCDtial angle for a sub- 
dioni of 70 ft.; radius 14619 ft.? 

Here, half the aub-chord is 35 ft. ; hence, 

- ^='2394; and opposite ■2394 in the table of sines, 
eta., we find 13° 51', the sub-tangential angle K-ciuired, 
To find Snb-Beflection Angles exactly. 

A 8ilb-defle<!tioii iUigle is wpuil tii the elioni-hiiigential 
angle + the aub-taiigeutial angle. 

Rule. — Divide /laj/" the sub-ciiord by the radius. The 
quotient will be the sine of the sub-tangential angle. 
Opposite tills sine in the table find the angle itself. Add 
it to the whole-chord tangential angle. 

Example. — What is the sub-defleetion angle for a sub- 
chnrtl of 70 ft; radius 146*19 ft.; chord tangential angle 

ao"? 

Here, r= -2394 ^= sine of 1 3° 51 ' ^; sub-tangen- 

tial angle. 

And 20" -I- 13° 51' ^ 33° 61' = tlie sub-dcflt-etion 
angle required. 

To find Sab-Tangential Distanoes exactly. 

Rule. — Divide half the sub-chord by the radius. The 
quotient will Ix; the sine of the sub-tangential angle. Find 
this angle. Find the sine of half this angle. Multiply it 
by '2. Multiply the product by the sub-ehord. 

Example. — What is tlie sub-tangential distance for a 
sub-chord of 70 ft.; radius 146-19 ft.? 

Here, 1^9 = '^394, or Uie sine of 13° 61'. Half of 



ON SUB-CHOREB. 

this is 6° 65J' ; tin; siiieof which ia -120(5. And -1206 X 
2 ^ -2412. And -2412 X 70 = 16-884 ft., tlie sub-taii- 
gential distance required. 

To find Snb-Seflection DiBtances exactly. 

Rule, — Divide luilf tlit; sub-chord by tlie nulius. The 
quotient will be the sine of the sub-tangential angle. 
Opixsite this sine find the angle iteelf in the table of sines. 
Add to tliia angle a whole-chord tangential angle. The 
sum will be the aub-deflection angle. Find the sine of 
half this angle. Multiply this sine by 2. Multiply the 
product by the sub-chora. 

Example.— What is the sub-deflection distanca for a 70 
ft. sub-cliord; radius 146-151 ft.; whole-chord tangential 
angle 20° ? 



Here, 



35 

146-1 y 



= -2394 ^ sine of 13° 51', sul)-tjingential 



And 13° 51' + 20° = 33° 51', sub-deflection angle; 
half of which = 16° 55i^'. 

And sine of 16° 55J' = -2911. And -2911 X 2 = 
■5822. 

And -5822 X 70 = 40-754 ft., tlic sub-deflection dis- 
tance requii-ed. 

For proofs of the foregoing rules, see next ^^age. 



ON SITR-THORDfl. 



Proofs of the Foregoing Bale«. 

\jEthn<'; FifT. 5^, 1)0 any dmiliir curve; ii h i\ KXI ft. 
chord ; M c a sub-cJiord ; and xf, t n, two taDgeiita to the 
curve at c and a. Let the whole chord « 6 be extendetl, 
as to A. Then nac, or xca, or ab c, is the sub-taiigential 
angle of the sub-chord ac; nan, equal to taf>, is the 
tangential ang;le of the whole chord ab; sac in tlie sub- 
denection angle; a straight line from m to t; is the sub- 
tangential distance ; and a <; is the sub-dcfleetion diistanee. 

Of Ist Rule. — Because the angle at the center of the 
circle, and opposite to half the suli-chord, ie equal to the 
sub-tangential angle. Tlierefore the sine of the first (which 
ia the one we actually find,) is also tJie sine of the second. 




In any circle, the half of any choi-d, dividwl by the 
radius, gives the natural sine of the angle at the center, 
and opposite to the half-thord. 

Of 2d Rule.— It is self-evident that the sub-defiection 
angle nac is equal to the chord-tangential angle jt o n 
(r= tab) -\- the aub-tangential angle nac. 

Of 3d Rule. — The sub-tangential distance is the chord 
c n of tJic sub-tangential angle n a c; and, In any circular 
arc snc, any chord e n is etjual to twice the sine of half 
the Bubtendctl angle nac X radius a e of the circle. 

Of 4th Rule. — The aub-defleetion distance sc is the 
ciiord of the sulwleflection angle a a c; and, on the same 
principle as the foregoing, in the circular arc s n c, any 
chord s is equal to imee the sine of haJf the subtended 
angle eaCiX radius a c of the circle. 



ORDINATE. 



ARTICLE TI. 
Ordinatea for Entire Chords. 

It would l)C liotli tttlious lukI lial>k to ina«-ura<y to 
attempt to fix all the necessary jniots id railniad curves 
by the foregoing means, which are employed only for 
entire chords, or for suuh sub-chords na may be required 
at the ends of curves. 

The best method is to etretch a piece of twine a b, Fig, 6, 
100 feet long, betweeu two ^T-rTTnTTm-^ h 

adjacent chorf-aake., u,d .^ 1 1 1 1 1 1 flrTf^. 
meaaura on, as nearly as may ^ p-iu. g """ ^ 

be at right angles to it, with 

a graduated rod, the previously calculated ordinates c d, 
ef, g h, etc., placing pegs at (/,/, h, etc. On the tops of 
these stakes, small tacks ore driven to define the precise 
point in tiie curve. Our tabic of ordinates, page 50, is 
calculated for distances apart, be, ce, eg, etc., of 6 feet; 
and for all curves likely to occur in practice. The 5 feet 
distances on the twine should be marked by knots or 
otherwise; and those at the center, and half way lietween 
it and the ends, be further distinguished by tying on pieces 
of tape. 

Tlie 5 feet distances are only used (after the excavations 
and erobanknients are finishal) for placing pegs to guide 
the laying of the rails, and then only for very sudden 
cur\es[ for those of lai^ radii, distances of 10 feet are 
quite sufficient, or even 25 feet for very easy curves. For 
guiding the curves of the cuttings and fillings, it is not 
□ecessary to place the stakes nearer than 50 feet apart; un- 
less for those of less than about 1000 feet radius, when they 
may be placed 25 feet aparL Ordinates for other radii, or 
for angles of deflection, intermediate of those in the table, 
may cither be calculated by the rules given further on, or 
they may be taken proportionally intermediate of the tab- 
ular ones, with sufiicient accuracy for practice. 

To ealmlate ord'mutea for choi'dB and sub-chords, sec 
Articles XV., XVI., XVU. 
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CHAPTER II. 

AETICLE VII. 

Having shown the genaral priociple on which curves 
are run, we will now state a few simple elementary pointB 
connected with them, witli which the young assistant 
should make himself perJecUy familiar before entering 
upon the problems in Chapter III. 




The length of a curve is supposed to be measured, not 
along ita actual curved line or arc, but along the chords. 
Thas the curve n i z, in Fig. 7, if supposed to have been 
run with 4 chords of 100 feet each, is said to be 400 feet 
long, although it ia evident that the arc itself is a little 
longer. Bnt in practice the difference may generally be 
disr^rarded; for even in a curve of but 300 ftet radius it 
amounts to only about 5| inches to a cliord of 100 feet; 
and with 2000 feet radius to but about i- of au inch. 
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TA* length of a <mrve may also be expressed in degrees \ 
of ifn central angk aez, contRined between two radii o a, 
c z, drawn from the center c to the ends s and a of the 
curve. Thns if the curve in Fig, 7 be 4 tJiains of 25° 
deflection angle, its central angle acz will be 25° X 4 ^ 
100° ; and the curve may therefore be said to be 100" long. 

The banning of a curve, or the end first reached in 
the survey, is called the Point of Curve, or F. C; and ita 
eud is called the Point of Tangent, or F. T. They are dis- J 
tinguished on the ground by liaving those letters printed I 
on the stakes with red ciialk. A 

The field operation is called tlie Iradiig, turning, rwt- 
mn^, im^ng mii, or staking ovl of curves. 

In Fig. 7, let bt and ythe two tangents touching the 
ends a and z of any curve (of less t/um 180° long), and 
extended to meet at (; and let nc and zc be two radii 
drawn from the ends of the curve to the center c of the 
circle. Then the angle acz, subtended by the entire curve 
aoiez, is called the central angle oftlie curve, or thetofai 
or entire central angle. This distinguishes it from the 
small central angle aco, oci, ice, or ecz, subtended by 
only one chord ao or o?, etc., and which is called the 
chord central, angle, or central angle of a chard. It is , 
generally known at the time, of which of these two angles I 
we are speaking, and therefore the simple term central 1 
angle is usually applied to either of them. 

The angle aiz, Figs. 7 and 8, between two tangents, / a, 
tz, is called the apex angle of the cm-ve. If only either j 
one of the faugeuU is jjixilouged beyond i, as ia is pi-o- 
longed to w, then tlie outer angle wiz, so formed, may be 
called the outer meeting angle of the tangents, inasmuch 
as it is the outer angle at which the two tangents mcH (not 
cut, cross, or intoi-sect each other), while the aj)ex angle 
(( ( J is the inner meeting one. 

The Total Deflection Angle, wiz, Fig. 7 (in distinction 
from the chord deflection angle, s o i), denotes the total 
iiumlHir of degrees that tlie line of survey, or of i-oad, 
deflects fi-om its previous direction ; and is equal to tlie total 
central angle (a c z, Fig. 7, or n ( o. Fig. 30, p. 69) subtended 
by the whole cui-ve, aiz or nw o. When, as iu Fig. 7, the 
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cui-ve (Iocs uot exceed 180°, the total ilcflection angle in 
tlie outer meeting augle ; but when the cai-ve exL-eeds 180°, 
as n w 0, Fig. 30, it la what the outer nieetiug angle, (/ r b, 
Avauts of beiug 360° ; in other words, it is tliat angle at r 
tliat is subtended by the dotted are, y y k. 

Any cliord-ceniral angle o c o, o e t, etc., is equal to the 
choi-d-deflection angle soi; and Oie total central angle U 
)>/ai>i/y eyitnMo the chord-deflection angle muttiplit>d by 
the uuinber of chords in the curve, as well as to the total 
deflection angle. 

It follows that (Ae ekord-defkctlon angle is equal to the 
total central angle divided by the number of cliordsj and 
that the nainher of chords is equal to the total central angle 
divided by the chord-deflectiou angle. 

AETICLE VIII. 

When a curve cxcccd» 180°, as «iz, Fig. 8, its true cen- 
tral angle acz (the 1m^ one, sub- 
tended by the are a i z), will, of 
course, do the same ; but we shall 
at times find it convenient to sub- 
stitute for it the ^na/i angle a ox, 
equal to what aix wants of being 
360°. We shall call this the sub- 
stitute central angle, or simply tlie 
ffubtdituie angle. It has tlie same Sine, Tangent, Secant, 
Cosiue, Cotangent, Cosecant ami Vcreod Sine, as the true 
central angle. 

The tangent distance, or, bs Mr. Shunk very aptly calls 
it, the apex distance, of a curve, is the length ta or tz, 
Figs, 8 and 8J, of tangent between the end « or z of the 
curve and the apex t at which the two tangents meet; 
or, in other words, it b the actual tangent of KciJf the cen- 
tral angle. This tangernt distance must not be confounded 
with the chord tangential distance of Articles III., IV., etc. 
A tangent merely totiches a curve, and cannot cut it; and 
at the touching point it is at right angles with a radius 
of the curve. Thus cat, czt.,a.rG right angles. 
Article XI. shows how to find apex distances. 
J{fwe draw a t^wrd az, Fig. 8^, between the ends of a 
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curve ; theu if we know either the central angle a 
the outer meeting angle w(z, we can readily find the thre 
angles «C3:, oaru, 3;«e,- for cxa \s always 90°; ac 
half the central angle ; and x a c is 90° — acx. 

To find tiie tengtlt of i/tc chord a z, find the sine of h 
the central angle; multiply it by 2; multiply the product 
Ity the radius. The angle i « o or tzc, between a radius 
(acorzc) and a tangent or apex distance (atar zt),iB 
always """ 




k 



Referring now to one-half the wmtral angle (say to ac t), i 
a c being radius, a t becomes the actual tangent to a e t; 
a a: its actual sine ; .r c its actual cosine ; a: t its actual versed 
Biae; and cl its actual secant. Therefore if we know the 
actual length of the radius we can find that of any of the 
others by merely multiplying tlie radius by the luiiural 
tangent, sine, cosine, etc., of tlie angle act. For the table 
of natural sines, etc., being calculated for an assumed radius 
of 1, it follows that the aducd sines, etc., bear the same 
proportion to the actual radius that the natural one» bear \ 
to the naliiral radius 1, 

Instructions for finding not sines, etc., by the table, are | 
given on page 123. i 

Throughout the volume we sliall generally omit the J 
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word nidural before sines, etc. ; ard in referring to any 
angle, as ((c(, Fig. 8 J, \ve shall omit the word angle, and 
call it simply act, etc. 

If any two tangents be drawn to a circle from any one 

fioint, as in, tz, from t, Fig, %\, they will l>c of tbe Hamo 
ength. 

To find t i, first find the secant ( c, and from it take the 
iiidius c 1. Or, ii i&^ia X uat tangent either of ( a i, or 
of hn!f taz, or of qaarter of wtz, or of qiuirter of a c z. 
For a proof of this, see demonBtnition of Article XXI, 

In Fig. SJ, az'iB the chord of the entire ciir\'e a i z, and 
it is plain that either taz or tz a is the tangential angle 
of said chord, or tlie angle at wliieh it leaves a tangent ( a 
or tz. Hence taz or tz a is equal to half the deflection 
angle io(i, of the entire airve; or to half Its central angle 
acz, in the same way that the tangential angle ins or 
8 ai of a 100 ft. ciiord a o or o i, is equal to half the 
ehord-deflectioD angle « o i, or to half tlie chord-central 
angle n c o or o c t. Therefore the gum of (az and tza 
is — w ( 3 or « P 2, 

On the same principle, if chorda n i, z i, be drawn from 
the ends a and z to the middle i of the entire curve, then 
tat, or its equal izi, will be = iaz, or =^iza; in other 
words, ;^Aa{/" tlie tangential angle io2 or (aaof the entire 
curve, or ^ one-fourth of wtz, or of a cz; and tJie sum 
of tai and tzi is = taz, or = half the central angle 
acz. 

If the choi-ds, as ae and ze, are drawn to a point, as e, 
not in the middle of the curve, the angles t a. e and t z e, 
between the chords and the tangents, will no longer be 
equal, but their sum will still be ^ ta z, or = half 
acz. 

It will Ite observed that ini or iziis^aoo, or = half 
aoi, or = half icz; while tae \s = hoi£aee; and tzeia 
^ half ecz. 

The two triangles a t x and oax. Fig. 8 J, will always 
Ih! similar ; that is, they will have the same angles, and be 
alike in every respect except size. 

Therefore, aaac; at :; xc. ax, and •.; ax ', xt; 



and, I 
and, I 



: at: 
; at : xt. 



;. 8}, the earn of 




AJso, in a compound curve a 
tax -\- (za IB = tbe Hiira of 
tiietteo central angles v+w; 
or =; the total detlection 
angle x. And if, from the 
ends of the curve, two 
chords ae, ze,he drawn to 
the. point e of eompmiml cur- 
vature, then istae-\-tze== 
^ the sum of the two central 
angles w and v; or =; half 
tlie outer meeting angle x. 
This will not hold gtSd if 
a e and z e be drawn to any 
other point than that of 
coin pound curvature. 

ARTICLE IX. 

To find the Total Deflection Angle 

This is nsiially eithur ^ivoii bv the fidd notes, or found 
from the map, in the office- It is defined on page 29; 
aud, 83 tlieiw stated, it is always equal to tlie total centi-al 
angle of the curve, whether this be gi'eater or less than 
180°. 

If is equal also to the choitl-dodection angle of the 
ciii-vc multiplied by the number of 100 ft. choifls con- 
taiiied in ihc curve. 

Or, having the apex distance a t, Fig. 8 or 8^, and the 
radius c p, first find the outer jiieelhiff angle, thus : Divide 
the a.pex di-stance by the radius. Tlie quotient is the 
natural tangent o£ a c t, or of half the outer meeting 
angle. Fi-om the table of tangents take the angle cor- 
i-cspoudiiig to this uat tangent. Multiply the angle 
by 2. If tlie pi-oduct is 180°, or leas, it is at once tlie 
total deflection angle; but if it exceeds 180°, take it 
fi-oni 360°. Then the remainder will i>e tlie total deflec- 
tion angle. 

The point /. Yy^. HI , is frerineutly in accessible, nr iiiiagi- 
iiaiy, as slmwu by the jwint b, Figs. 9 to 12; in wliieh 
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case no aiigla at that point can be actimlly meaaornd. In 
practice, angles at b are found in tlie office from the map 
of the preliminaiy survey. This inap shows the survey 
to liave been made in a series of straight lines, as tlie uu- 
dotted lines in Figs. 9 to 12, which Figs, may be r^farded 
as parts of such a map. On the final survey these straight 
lines or tangente are connected by curves, whose raoii, 
apex distances, etc., are decided uixin approximately in 
the office by drawing the dotted hues d b, b e, and meas- 
uring tlie angle at h with a protractor. Thu apex angle 
at 6 taken from 180° gives the outer meeting angle, or 
the wtzot Fig. 8| ; thus furnishing data on which to de- 
termine the radius, apex distances, etc., of the curve by 
the rules given farther on. The curves are drawn on the 
nia|) liv tlie dividers or compasses. 

Remark. — But owing to trifling errors in chaining, 
anil ill niwisLiring angles during the preliminary survey, 
and to tlie neo'ssary want of absolute accuracy in the 
preparation of the map, aud in the measurements made 
from it, the curves thus determined upon in the office 
rarely, if ever, fit tlieir tangents correctly when they tirst 
come to be laid out on the gi-onnd. It is to meet this 
difficulty tliat many of the usual problems are intended. 
By their aid the curve can generally be made to fit at the 
second or third trial. 




When there is no local attraction, the directions of the 
two outer lines in Figs. 9 to 12 may be taken by the 
com|)ass, and from them the angle at b may be deduced. 

Also, if all the {ither angles have been measured accu- 
rately, that at b, Figs. 9 to 12, may be found thus: 

Case 1. When the included figure dbe, Fig, 9, has 
but three sides. 

Ruie.-^ubtruct the angle nde from 180° for the angle 
b d e; and subtraiA the angle dec from 1 80° for the angle 
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<ieb. Add together l/de aud deli, and subtract llieir 
emn from 180° for tlie angh '/ b e. 

Case 2. WLt^n the included figure d b ef, Tigs. 10 aud 
11, has /our sides. 

Rule. — Subtract the sum of tlie three inienuil angles of 1 
the figure {marked by dotted portions of circle), from 360° 
for the angle d b e. 

Case 3. When the included figure, 12, has more tliun 
/our mloi. 

Rula. — Add tf^thcr all the internal angles, marked by 
dotted portions of circles, and subtract their sum from ^ 
twice as many right angles as tlie figure has sides, loss i 
four, for the angle d b e. 

Example. — Let the angles denoted by the dotted arcs 
at the ditferent letters be us follows: That at d, 70°; at 
o, 220°; at i, 150°; at g, 110°; at n, 160°; at e, 100°. 
The sum of these is 810°. The figure has seven sides; 
and twice 7, less 4 = 10; and 10 right angles = 900° j ' 
from which the sum of the designated internal angles 
(810°} bciug subtracted, leaves 90° for the angle dbe. 



ARTICIE X. 
To find the RadiuB of a Curve. 

Rule I. — Divide the apex distance by the tmiffmt of 
/mi//" the central angle; or multiply it by the cotangent of 
hftlf (Antral angle. 

Rule 2. — Divide hal/a chord by the sine ofhal/a de- 
flection angle. This applies to equal chords of any given 
length ; or, with any chord, divide half the chord by the 
sine of half tlie angle subtended by the chord. 

Rule 3.— Approximate only.* Divide 5730 (5729-6) 
by the deflection angle in degrees and decimals.! Thia 
gives '8 of a foot too little for a radius of 500 feet; but 
becomes clftser as the i-adius becomes longer. 

*Becsu)ie rndii are not pr/xMy inyentely as tlieir dHfleotion angles i , 
as they would l>e if llmw HnRles, in liiflerent curves, were subtended 
by equal irm. iiislMul nf liy .■c|imi rhtmk..[ 100 ft. 

+ To redute niiiiuleii lo decinials iif a liegree, divide lliem by ft 
(SeeTslle, p. 37.) 
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Rule 4. — Having a z and x i, Fig, 8J. Then, 

^ ,, Square of half a z -\- Sauare o? X i 

Radius — — ' 4u^ ■ 

rwice X I. 

This Rule applies to the radius of any circular aro, of 
whii'h we know the chord and rise. 

Rule 5, — For a track already laid, measure at the rails 
a chord of 100 feet, and its middle oi-dinate in feet. Refer 
to our Table of Ordinatee, p. 50, for the deflection angle, 
opposite whieh, in table, p. 18, is the radius. 

ARTICLE XI. 
To find the Apex (or Tangent) Distance of a Corve. 

Rule I. — Multiply the radius by tiic tangent of hn!f the 
total tientral angle. 

Rule 2. — Use the following Table of Actual A|m;x Dis- 
tances a.'i dii-ccted. 

Remark. — For the following idea, and table, p. 38, we are 
indebted to Mr. N. F. Jones, Civ. Eng., whose experience 
in locating gives great weight to his suggestions; some 
of which have been incorporated in our rules for curves, 
without special acknowledgment. 

Apex (IiBtaDce Apex dial, in table p. 38 ^ giWn radiua 



required, 



for given total angle 



X- 



6730; 



(approxi- Apex dist. in table, p. 38 forgi ven total an g. 

matelf) chord deHsictiiiu aiigltj of given curve, in 
degrees and decimals. 
(See following " Remark.") 

If the central angle exceeds 180°, take it from 360° ; 
call the i-eiuaindcr the central (or substitute) angle, and 
proceed as above. 

Example. — What is the ajtex or tangent distance t a or 
fx, Fig. 7, p. 28, foracuiTCdiiof 3" 17' choi-d-deflectiou 
angle; and willi a central angle uca of 88° 10'? 

By the first formula. In table p. 19 we find the radius 
corresponding to a chord-deflection angle of 3° 17' is 1745.35 
feet. In table p. 40, opposite to total central angle 88° 10', 
we find 5050. Hence 

Apex distance ^ g^g^ 1745.35 _ ^^^^^ ^^ 
.jwaiuwd 5730 



z 1690.a7 feet. 
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By the second (approximate) formula. From table below 
we find tii;it 3° 17'= 3.°2833. Hence 

Apes distance 5550 

required ~ 31^833 

The apex tlistance given by the table for any total wii- 
tnil angle is tlie actual tungent of half that angle for d ^'urvL' 
of radius 5730 feet. 

ApL-x distnncet^ fiir total angles intermediate between 
those given in the table may be obtained by simple propor- 
tion ; thus : 

To obtain the actual apes distance for a 4" curve of 
56° 32' deflection. Here, in the table opjKifiite 55° 30' 
find 3015, and for 55° 40' find 3025, the difference being 
lOj -?„ths of which added to 3015 = 3017, the actual 
apex dist. of a 1° curve of 55° 32' deflection, which, 
divided by 4 =^ 754, the apex distance requii-ed. 

If either the central or its substitute auj^le is between 
170° and 180°, use Rule 1, p. 36. 

Remark. — If the given chord-deflection angle containa 
Buch a number of minutes as cannot be mejiUiUy i-educed 
to decimals of a doffi-ee for dividing by it, use the short 
table l>elow for making tbc reduction. 



Table of Minutes converted into Decimals of a Begree. 


1 


D.B. 


«,=. 


IXg. 


«,.. 


Dt«. 


M... 


DM 


■0161566 


16 


•266666 


31 


516686 


46 


766666 


2 


■033338 


17 


■283333 






47 


783333 


8 


■050000 


18 


■300000 




550000 


48 


800000 


4 


■066666 


19 


■316666 


34 


666666 


49 


616666 


6 


■083333 


20 


■333333 


36 


583333 


50 


833333 


fl 


•100000 


21 


•350000 


36 


600000 


61 


850000 


7 


-116668 


22 


■366666 


37 


616666 






S 


■133333 


23 


■383333 


38 


933338 


53 




9 


■150000 


24 


■400000 




650000 


54 


900000 


10 


■166666 




■416666 


40 


666666 


55 


916666 


11 


■183333 


26 


■433333 


41 


683333 


58 


933333 


12 


■aKKWO 


27 


■450000 


42 


700000 


57 


050(X)0 


13 


-216666 




■466666 


43 


710666 




966666 


14 


-233383 


29 


•483333 


44 


733833 


69 


983333 


!6 


■260000 


30 


■500000 


45 


750000 


eo 1 


(MOOOO 



To reduce minutvti to dethiuih of a deyrtx ilivhie Ihent by 



TABLE OP APKX DISTANCES. 
TABLE OF ACTUAL APEX SISTAVCBS. 

Fbt a Cam of iJSO fi. Radiiu. 



C«.A«(. 


AihD. 


Cen. *n;. 


Ap.iD. 


-."/- 


ApflD. 


C«. AM- 


ApnD. 


1 


50 


9 


461 


17 


866 


2f 


1270 


10 


58 


10 


460 


10 


8fi6 


10 


1279 


20 


m 


20 


468 


20 


873 


20 


1288 


1 30 


76 


so 


476 


30 


882 


HO 


1297 


40 




40 


486 


40 


890 


40 


1305 


60 


92 


50 




60 


899 


50 


1311 


2 


100 


10 


501 


18 


908 


28 


1328 


10 


108 


10 


610 


10 


916 


10 


1332 


20 


117 


20 


618 


20 


925 


20 


1340 


80 


126 


30 


527 


80 


988 


80 


18491 


40 


134 


40 


535 


40 


942 


40 


1358 


50 


142 


50 


643 


60 


950 


60 


1867 


S 


150 


11 


552 


19 


969 


27 


1376 


10 


168 


10 


660 


10 


967 


10 


1884 


20 


IflT 


20 


6B8 


20 


076 


20 


1393 


30 


175 


80 


677 


80 


984 


80 


1402 


40 


183 


40 


680 


40 


993 


10 


1411 


50 


192 


50 


591 


50 


1002 


50 


1420 


4 


200 


12 


602 


20 


1010 


28 


1428 


10 


209 


10 


611 


10 


1019 


10 


1438 


20 


217 


20 


619 


20 


1027 


20 


1446 


80 


225 


80 


627 


30 


1036 


SO 


1466 


40 


233 


40 


636 


40 


1045 


40 


1464 


60 


242 


60 


646 


50 


1054 


50 


1473 


6 


260 


13 


663 


21 


1062 


29 


1482 1 


10 


258 


10 


661 


10 


1070 


10 


1491 


20 


2fi- 


20 


670 


20 


1079 


20 


1600 


80 


275 


80 


678 


80 


1088 


80 


1609 


40 


2S4 


40 


686 


40 


1097 


40 


1517 


50 


292 


60 


695 


60 


1105 


60 


1626 


6 


800 


14 


704 


22 


1114 


80 


1636 


10 


808 


10 


712 


10 




10 


1644 


20 


817 


20 


720 


20 


1131 


20 


1663 


80 


825 


80 


729 


80 


1140 


80 


1662 


40 


834 


40 


737 


40 


1148 


40 


1671 


60 


842 


50 


746 


60 


1157 


60 


1580 


7 


850 


16 


754 


28 


1166 


31 


1689 


10 


359 


10 


768 


10 


1175 


10 


1698 


20 


867 


20 


771 


20 


1183 


20 


1607 


80 


875 


30 


780 


30 


1192 


30 


1616 


40 


884 


40 


788 


40 


1200 


40 


1626 


60 


893 


60 


797 


60 


1209 


50 


1681 


8 


401 


16 


805 


24 


1218 


82 


1843 


10 


409 


10 


814 


10 


1227 


10 


1662 


20 


417 


20 


822 


20 


1236 


20 


1661 


80 


420 


80 


831 


80 


1244 


80 


1070 


40 


434 


40 


880 


10 


1253 


10 


1079 


; BO 


442 


50 


848 


60 


1262 


50 


1688 





TAHLB OF APEX DISTANCES 


■ 


39 ~ 


TABLE 01 ACTnAL APEX DISTANOES-CoitinBed. 






For <• Curve of 6730/1-. Radiiu. 










CM.Ahi, 


Ap«& 


c™. A^g. 


ApeiD. 


Ctn. A>|. 


ApuD. 


Csn. Aag. 


Ap„D. 


1 




?3 


1007 


41 


2142 


49 


2811 


67 


3111 




10 


1701 


10 


2152 


10 


2621 


10 


3122! 




20 


1710 


20 


2161 


20 


2631 


20 


3133 1 




flO 


1725 


30 


2171 


30 


2642 


30 


3143 






40 


1734 


40 


2180 


40 


2652 


40 


3154 






eo 


1748 


50 


21iH) 


frtl 


2662 


50 


3166 






34 


1752 


41 


22(XI 


50 


2872 


58 


3176 






10 


1701 


10 


220R 


10 


2682 


10 


8187 






20 


1770 


20 


2219 


20 


2692 


20 


3198 






»0 


177U 


30 


222B 


30 


2702 


30 


3209 






40 


1788 


40 


2238 


40 


2713 


40 


3220 






60 


1798 


50 


2247 


50 




50 


3331 






35 


1B07 


43 


2267 


51 


2733 


59 


3212 






10 


1616 


10 




10 


2744 


10 


3253 






20 


1825 


20 


2277 


20 


2764 


20 


3264 






30 


1334 


80 


2286 


80 


2764 


30 


8275 






40 


184^ 


40 


2296 


40 


2774 


40 


8286 






M 


1853 


50 


2308 


50 


2784 


60 


8297 






36 


1862 


44 


2315 


52 


2795 


60 


3308 






10 


1871 


10 


2326 


10 


2805 


10 


8319 


1 




20 


1880 


20 


2334 


20 


2815 


20 


3330 






80 


1889 


30 


2344 


30 


2825 


80 


3342 






40 


1899 


40 


2354 


40 


2836 


40 


8863 






50 


1008 


60 


2364 


50 


2847 


60 


3361 






87 


1017 


45 


2873 


63 


2857 


61 


8376 






10 


1926 


10 


2383 


10 


2867 


10 


3386 






20 


1936 


20 




20 


2878 


20 


3898 






30 


194G 


30 


2408 


80 




80 


3409 






40 


1955 


40 


2412 


40 




40 


8420 






50 


1964 


60 


2422 


50 


2900 


50 


3432 






38 


1973 


46 


2432 


54 


2919 


62 


8443 






10 


1983 


10 


2412 


10 


2930 


10 


8464 






20 


1992 


20 


2452 


20 


2941 


20 


3466 






30 


2001 


80 


2462 


30 


2951 


30 


3477 






40 


2010 


40 


2472 


40 


2962 


40 


3488 




50 


2019 


50 


2482 


50 


2972 


60 


8500 ' 




39 


2029 


47 


2491 


66 


2983 


63 


3511 




10 


2089 


10 


2601 


10 


2993 


10 


8523 




20 


2048 


20 


2511 


20 


8004 


20 


3584 




80 


2057 


30 


2621 


30 


3015 


30 


8646 




40 


30Q7 


40 


2531 


40 


8025 


40 


8567 


1 




50 


2076 


60 


2541 


50 


3036 


60 


8669 






40 


2096 


48 


2551 


58 


3047 


64 


8581 






10 


2095 


10 


2561 


10 


3058 


10 


3692 






20 


2105 


20 


2571 


20 


3068 


20 


3604 






SO 


2114 


30 


2581 


30 


8079 


80 


3616 






40 


2124 


40 


2591 


40 


8090 


40 


8627 




B 


50 


2138 


50 


2601 


50 


8100 


50 


3639 







40 


m 

TADLK OF APKX DISTANCES 


^^ 


TABLE OF ACTUAL APEX DISTANCES— Continued. 






For a (Mnt u/ &no/l. fiailiii'. 








C«.A». 


86B1 


C».Ai.(. 


4240 


c«.A.i. 'apwD. 


Cen. Abb- 


.^.jy. 




05 


78 


81 


489' 


89 


6631 






10 


3602 


10 


4253 


:o 


41K>8 


10 


564T 






20 


3674 


20 


4266 


20 


is-a 


20 


6601 






au 


aem 


SO 


4279 


30 


4988 


30 


6080 






40 


3608 


40 


4292 


40 


4952 


40 


5097 






60 


3709 


50 


4306 


GO 


4966 


50 


6718 






C6 


8721 


74 


4318 


82 


4961 


90 


6780 






10 


B733 


10 


4331 


10 


4996 


10 


5747 






20 


8746 


20 


4844 


20 


GOlO 


20 


5763 






80 


3757 


30 


4367 


30 


6025 


30 


5780 






40 


8769 


40 


4870 


40 


5040 




6797 






50 


8781 


50 


4383 


50 


6054 


50 


5814 






67 


8798 


75 


4397 


83 


6009 


91 


5881 






10 


3805 


10 


4410 


10 


6084 


10 


6848 






20 


3817 


20 


4424 


20 


5099 


20 


6866 






30 


3829 


M 


4437 


30 


5114 


80 


5882 






40 


3841 


40 


4450 


40 


5129 


40 


5899 






50 


3853 


50 


4463 


50 


6144 


60 


5910 






SB 


3865 


70 


4477 


84 


6159 


92 


6983 






10 


3877 


10 


4490 


10 


6174 


10 


5951 






20 


3889 


20 


4504 


20 


6190 


20 


5988 






SO 


8902 


30 


4617 


80 


5205 


30 


6985 






40 


3914 


40 


4531 


40 


6220 


40 


0003 






60 


8926 


60 


4544 


50 


G235 


50 


6021 






69 


3933 


77 


4558 


85 


5260 


93 


6038 






10 


3960 


10 


4571 


10 


5266 


10 


6056 






20 


3963 


20 


4585 


20 


5281 


20 


6078 






to 


3975 


30 


4699 


:i0 


5297 


30 


6091 






40 


3988 


40 


4613 


40 


5312 


40 


6109 






50 


4000 


60 


4626 


60 


5328 


50 


6127 






70 


4012 


78 


4H40 


86 


6343 


94 


8145 






10 


4025 


10 


4654 


10 


6369 


10 


6103 






20 


4037 


20 


4U08 


20 


6876 


20 


6181 






30 


4049 


30 


4881 


30 


8800 


80 


61B9 






40 


4062 


40 


4f>95 


40 


6400 


40 


6217 






50 


4075 


50 


4709 


50 


6422 


50 


6235 






71 


*oa7 


79 


4723 


B7 


6438 


95 


6258 






10 


4100 


10 


4738 


10 


6453 


10 


6271 






ZU 


4112 


20 


4752 


20 


5469 


20 


6290 






30 


4125 


SO 


4766 


30 


5485 


30 


0308 






40 


4138 


40 


4780 


40 


5601 


40 








60 


4150 


60 


4T04 


50 


6517 


50 


C345 






72 


4168 


80 


4808 


88 


6683 


06 


6864 




10 


417B 


10 


4822 


10 


5650 


10 


6383 




20 


4180 


20 


4837 


20 


6566 


20 


6401 




so 


4201 


30 


4851 


80 


5582 


80 


8420 




40 


4214 


40 


4865 


40 


5698 


40 


6489 






50 


4227 


60 


4880 


60 


5614 


60 


6458 




^^_ 




■^- > -». .J 




^ 


^^^1 
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TABLE or APEX niSTANCES. 41 








Par a Cnrvt of S730 fl, Hnrf/w. 








OeB.Ani. 


Al*.D. 


CO..A.I. 


7467 


Cm. Adb. 
113 


Ai««l>. 


Cm. Am. 


Ape. D. 




97 


6477 


105 


8657 


121 


10128 




10 


6490 


10 


7490 


10 


8684 


10 


10162 






20 


6516 


20 


7513 


20 


8712 


20 


10197 






30 


6534 


30 


7536 


30 


8740 


30 


10232 






40 


6553 


40 


7558 


40 


8768 


40 


10267 






50 


6572 


50 


7581 


50 


8796 


50 


10302 






98 


6592 


106 


7604 


114 


8824 


122 


10337 






10 


6611 


10 


7627 


10 


8852 


10 


10373 






20 


6630 


20 


7650 


20 


8880 


20 


10408 






30 


6650 


30 


7674 


30 


8908 


30 


10444 






40 


6S70 


40 


7697 


40 


8937 


40 


10481 






50 


66S9 


60 


7720 


50 


8966 


60 


10517 






99 


6709 


107 


7744 


115 


8904 


123 


10553 






10 


6729 


10 


7767 


10 


9023 


10 


10590 






20 


6749 


20 


7791 


20 


0052 


20 


10627 






30 


6768 


30 


7815 


30 


9081 


30 


10G64 






40 


6788 


40 


7839 


40 


9111 


40 


10701 






50 




50 


7863 


50 


9140 


50 


10739 






100 


6829 


108 


7887 


116 


9170 


124 


10777 






10 


6349 


10 


7911 


10 


9200 


10 


10814 






20 


fiS69 


20 


7935 


20 


9230 


20 


10853 






30 


6890 


80 


7960 


30 


9260 


30 


10891 






40 


0910 


40 


7984 


40 




40 


10929 






60 


6930 


50 


8008 


50 


9320 


50 


10968 






101 


6951 


109 


8033 


117 


9351 


126 


11007 






10 


6972 


10 


6058 


10 


9331 


10 


11046 






20 


6992 


20 


8083 


20 


9412 


30 


11088 






30 


7013 


30 


8108 


30 


9442 


30 


11126 






40 


7034 


40 


8133 


40 


0474 


40 


11165 






50 


7055 


50 


8153 


50 


9505 


50 


11205 






102 


7076 


110 


8183 


118 


9536 


126 


1124G 






10 


7097 


10 


8209 


10 


9568 


10 


11286 






20 


7118 


20 


8234 


20 


9599 


20 


11327 






30 


7140 


30 


8260 


30 


9631 


30 


11368 






40 


7161 


40 


8286 


40 


9663 


40 


11409 






50 


7182 


50 


8311 


60 


9695 


50 


11451 






103 


7204 


111 


8337 


110 


9728 


127 


11493 






10 


7225 


10 


8364 


10 


9760 


10 


11635 






20 


7247 


20 


8390 


20 


9793 


20 


11577 






30 


7269 


30 


8416 


30 


9825 


30 


11619 






40 


7290 


40 


8442 


40 


9858 


40 


11662 






50 


7312 


50 


S468 


60 


9891 


60 


11705 






104 


7334 


112 


8495 


120 


9925 


123 


11748 






10 


7356 


10 


8522 


10 


9958 


10 


11792 






20 


7378 


20 


8549 


20 


9992 


20 


11835 






30 


7400 


30 


8576 


30 '10026 


30 


11880 






40 


7423 


40 


8603 


40 10059 


40 


11924 






50 


714-1 


no 


8630 


60 10093 


50 


11968 






4* 


I^I^B,,^^^ 
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42 TABI.R OF APICX PISTA.VCrS 




^ 


TABLE 07 AOTUAL APEX IISTABCES— Continued. 






FfT a OiTvt of sraoyt. RiJbu 








Cn.AKf. 


Ap«D 

12013 


C«.A.,. 

137 


Apt.n. 

"" """ 
14546 


Cm. Abi. 


At«<D. 


Cm. Anl- 


Ap«D. 

23867 


129 


145 


18173 


153 




10 


12058 


10 


14609 


10 


18266 


10 


24021 






20 


12104 


20 


14671 


20 


18359 


20 


24177 






30 


12149 


30 


14735 


30 


18454 


80 


24334 






40 


12195 


40 


14798 


40 


18549 


40 


24494 






50 


12242 


GO 


14863 


60 


18645 


50 


24656 






130 


12288 


133 


14927 


146 


18742 


164 


24819 






10 


12335 


10 


14992 


10 


18340 


10 


24986 






20 


123S2 


20 


15058 


20 


18939 


20 


25153 






30 


12429 


30 


15124 


30 


19039 


80 


25323 






40 


12477 


40 


15191 


40 


10140 


40 


25405 






50 


12525 


50 


15258 


50 


19241 


60 


26070 






131 


12573 


139 


15328 


147 


19344 


155 


26846 






10 


12622 


10 


15304 


10 


19443 


10 


26026 






20 


12671 


20 


15463 


20 


19553 


20 


26207 






30 


12720 


30 


15532 


80 


19659 


30 


26391 






40 


12770 


40 


15002 


40 


19766 


40 


26577 






50 


12820 


60 


15672 


50 


19874 


60 


26766 






132 


12870 


140 


15743 


148 


10983 


158 


26968 






10 


12920 


10 


15815 


10 


20093 


10 


27152 






20 


12971 


20 


15887 


80 


20205 


20 


27348 






30 


13022 


30 


15959 


30 


20317 


30 


27548 






40 


13074 


40 


16033 


40 


20431 


40 


27760 






60 


13126 


50 


16107 


50 


20546 


50 


27966 






133 


13178 


Ul 


16181 


149 


20662 


157 


28164 






10 


13231 


10 


16256 


10 


20779 


10 


28375 






20 


13234 


20 


16332 


20 


20688 


20 


28689 






30 


13337 


30 


16408 


30 


21017 


30 


28807 






40 


13391 


40 


16485 


40 


21138 


40 


29027 






50 


1344-5 


60 


16563 


60 


21261 


50 


29261 






134 


13499 


142 


16641 


150 


21385 


1.58 


29478 






10 


I35&4 


10 


16719 


10 


21510 


10 


29709 






20 


13609 


20 


16800 


20 


21636 


20 


29943 






30 


13664 


30 


16880 


SO 


21764 


30 


30181 






40 


13720 


40 


16961 


40 


2I8U3 


40 


30422 




L 


50 


13777 


50 


17043 


50 


22024 


60 


30667 




1 


136 


13833 


143 


17125 


151 


22156 


159 


30916 




1 


10 


13891 


10 


17208 


10 


22290 


10 


31169 




I 


20 


13948 


20 


17292 


20 


22426 


20 


31426 




1 


30 


14006 


30 


17377 


30 


22562 


30 


31887 




I 


40 


14064 


40 


17462 


40 


22700 


40 


31953 




■ 


60 


14123 


60 


17548 


60 


22840 


50 


32222 




1 


136 


14182 


144 


17635 


152 




160 


82496 




■ 


10 


14242 


10 


17723 


10 


23125 


10 


32775 




■ 


20 


14302 


20 


17B11 


20 


23270 


20 


33068 




1 


30 


14362 


80 


17901 


80 


23417 


30 


33347 




■ 


40 


14423 


40 


17991 


40 


23565 


40 


33640 




1 


60 


144S6 


50 


18081 


50 


23715 


50 


33938 


i 


^ 


^^^_ 
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TO FIND TAXCENTEAI. AND DKFI.EITION ANdLEfi. 4^^^H 


TABLE OF ACTUAL APEX SISTAKCES— Continued. ^H 




F«r a a^rv, •>/ 5730/1. B«rfV".. 


B 




c«. *„. 


Ajwii D. 


C=n- A., 


Ap,.I>. 




Ap»[>. 


Cm. Ab«,I Ap.1 D. 






161 


34241 


166 


46H67 


171 


72807 


176 1 164086 






10 


3W50 


10 


47235 


10 


74186 


10 171226 






20 


34S(i4 


20 


47817 


20 


76618 


20 179014 






30 


351 H4 


30 


48413 


30 


77106 


30 


187544 






40 


35.509 


40 


4902;* 


40 


78654 


40 


196927 






60 


35840 


50 


49649 


80 


80265 


50 


207298 






162 


36178 


167 


5U292 


172 


81943 


177 


218820 






10 


36522 


10 


50950 


10 


83692 


10 


231697 






20 


36872 


20 


51626 


20 


85517 


20 


246184 






30 


37228 


30 


52320 


30 


87423 


30 


262602 






40 


375B2 


40 


53033 


40 


89415 


40 


281365 






60 


37963 


50 


53765 


50 


91500 


50 


303014 






163 


38340 


168 


54517 


173 


93685 


178 


328271 






10 


88726 


10 


.■i.5291 


10 


96976 


10 


358120 






20 


39U8 


20 


56086 


20 


98380 


20 


393938 






30 


39519 


30 


56905 


30 


100908 


30 


437716 






40 


89928 


40 


57747 


40 


103670 


40 


492435 






60 


40345 


50 


5S615 


60 


106374 


50 


562789 






164 


40771 


169 


59508 


174 


109335 


178 


656693 






10 


41206 


10 


60420 


10 


112464 


10 


78791 S 






20 


41650 


20 


61379 


20 


115778 


20 


884903 






30 


42103 


30 


62359 


30 


119292 


30 


1313211 






40 


42566 


40 


63371 


40 


123025 


40 


1969823 






50 


43040 


50 


64416 


50 


1270U0 


60 


3939655 






165 


43524 


170 


66494 


175 


131239 


180 


IntinitB 






10 


44018 


10 


66810 


10 


135770 










20 


44524 


20 


67764 


20 


140624 










30 


45041 


30 


68958 


30 


145838 










40 


45571 


40 


7019.5 


40 


151453 












46113 


50 


71477 


50 


1.57517 










ARTICLE XII. 


^g 


Tangential and Deflection Angles. ^^^| 


2fa find eU/uT tiie Tanrjential or ih^ Deflvdioii Angle corre- ^^ 


apondiwj to any given radius, atid to equal cltords of any 


given length. 


Rule r.— Divide half the chord by the radius; the quo- 


tient will be the natural sine of the tangentia/ angle. There- 




natnml siues, will be the tangential angle required ; and 


the tangential angle multiplied by 2 will give tlie deflection 


angle. 



44 TO FIND TANOENTIAI, AND DEFLECTION ANOLEB. 

Example. — Let the radiiie be 28G5 feet, and the chord 
100 feet ; wliat will \m the tangential luwl deflection auglea? 

Here, half the chord (50 feet) divided by the radius 
(2865 feet), gives ■01745; and tlie tangential angle in the 
table correspond iag to tlie natural sine '01 745 is 1°, twice 
which is 2°, the deflection angle required. 

Rule 2. — The dcHection angle for 100 feet chords may 
be tbund approximately (see &rst foot-note, p. 35) by 
dividing 5730 by the radius. This is very close for (snrves 
of over 500 feet ratlins. For 600 feet it gives about one 
minut^i too little. Or, 343775 divided by the radius will 
give tlie deflection angle In minutes; and these divided by 
60 will give the angle in degrees and minutes. 

Proof. — 5730 feet is the radius of a one degree curve ; 
and 343775 feet is the radius of a one minute curve; and 
tlie deflection angles of curves are inversely as their radii, 
appraxiinately. 

Example I. — ^What is the deflection angle for a radius 
of 2865 feet, the chords being 100 feet each? 

Here, 6730 divided by the radius 2865, gives 2°, the 
deflection angle required. 

Example 2. — What is the deflection angle for radius 
2022 feet; chords 100 feet? 

Here, 5730 divided by 2022 gives the deflection angle 
2'''833, or partly in decimaU of a degree. Now, In the 
table on page 37, we see that the decimal -833 of a degree 
is 50 minutes. Therefore, the required angle is 2° .50', 
as iu our Table of Iladii, etc., p. 1 8. 

Example 3. — What is the deflection angle for a radius 
of 969 icet? 

Here, 343775 divided by 969 gives 355 minutes ; and 
Vo" = ^° 55', the required angle. 

Rule 3. — Having only the apex distance, and the total 
central angle. First find the radius thus: Divide the 
ajHis tlistiince by the tangent of half the central angle. 
Then line Rule 1 of this Article, or table of Radii, p. 18. 

Rule 4. — For a track already laid, measure at the rails 
a chord of 100 feet, and its middle ordinate in feet. Refer 
to fiur Table of Oi-diiiiitw, p. 50, for the deflection angle. 

For sub -tangential and sub-deflection angles, .see Arts. 
IV. and V. 
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ARTICLE XIII. 

Deflection Distances. 

To find the DeflpHlon DiMnmx {exaetly) for any given I 
radius, and for etpial chords of any given length. 

Rule I.— As the radius ; the chord ; ; the chord : tlie J 
deflection distance. Or, in otJur words, Divide the square J 
of the chord in feet by the radius in feet. 

Remark. — For chords of 100 feet, Rule 1 becomesij 
Divide 10000 by the radius in feet. 

(The deflection distance to a radius of 10000 feet, with I 
chords of 100 feet, is 1 foot; and the deflection distances 1 
for otJier radii increa^ inversely as tlie i-adii.) 

Example. — What is the deflection distance for a radius. 1 
»f 5730 feet, the choida l[>eing 100 feet long? 

Here, 10000 divided by 5730 radius, gives 1-745 feet, | 
the deflection distance required. 

Rule 2. — Divide half the given chord by radius; the 
quotient will be the natural sine of one-Iutlf the deflection 
angle. Multiply Amihle this natural sine by the choixl. 
The product will be the deflection distance required. By 
this nile our table was prepared. I 

Example.— As before, what is the deflection distance to I 
a radius of 5730 feet, the choids being 100 feet long? 

Here, half the chord (50 feet) divided by radius (5730 
feet) gives '008726, which is the natural sine of half the 
deflection angle. Now -008726 multiplied by 2, gives 
■017452, which, multiplied by the chord (100 feet), gives 
1-745 feet, the required deflection distance, the same aa in 
the preceding example. 

ARTICLE XIV, 
Tangential Distances. 

To find (e:cactlj/) fke Tangential IHafance correspondinff to 

any given radius, and to equal chords of any given lengtli. 

Rule. — First find the tangential angle by Art. XII., 
and take from the table of natural sines, that corresponding ' 
to one-A«//'of the(«iM/«i/ia/angle. Then multiply dowAfe ' 
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this sine by the givon t-honi, for the tangential distance. 
By tills rule our table was prepared. 

Example. — Let the radius be 2865 feet, and the chorda 
100 I'eet each ; what will be the tangential distance '? 

Here, we find, by Art. XII., the tangential angle 1° 
for a radius of 2865 feet. 

The natural sine corresponding to 30 minutes, or one- 
half of this tangential an^le, is, by the table of sines, 
•008727 ; the double of whidi is "017454, which, multiplied 
by the chord, or 100 feet, gives 1'745 feet for the tai^n- 
tial diatauL* required, 

ARTICLE XV. 



Tii fold the Muhile Ordinate to nny givm radiw, and to 
any ffiven chord. 

Rule I. — From tiie square of the radius subtract the 
squai-e of half the chord. Find the square root of the 
I'cuiaiuder, Talie this square root from the radius. 

Example. — What ia the length of the middle ordinate 
de, Fig. 13, the radius ca being 819 feet, and the choi-d 
ab 100 feet? * 

Here, the square of <■« (819) is 670761, and the square 
of ae (50) is 2500; which, being subtracted from the 
former, leaves 668261 ; the square root of which is ec, 
817-472 ; which, taken from the radius 819, leaves 1-528 
feet, tlic required middle ordinate d e. 

Rule 2. — With any chord the middle ordinate is equal 
to the radius multiplied by nat versed sine of half the 
angle subtended by the chord. 

With cJiords of 100 feet this becomes : Middle ordinate 
is equal to radius multiplied by nat versed sine of tan- 
gential angle. 

Rule 3. — With any chord the middle ordinate is equal 
to half the chord multiplied by nat tangent of quarter the 
angle subtended by the chord. 

With chords of 100 feet this becomes : Middle ordinat« 
is equal to half the chord multiplied by nat tangeut of 
quaiter the deflection angle. 
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Rule 4, — Approximate. With raJius 500 fi*t or more, 
divide the S(|Uare of half the chord by the diameter of 
tile curve. When the chord is 100 feet this becomes: 

„ .^^^,. ■ With 300 feet radius this rule gives -030 
iwice radius " 

too short in 4-197 feet; aiid with 100 fe*t radius -897 
short in 13-397. See also Rule 2, next Article. 

Rule 5. — Fop 100 ft. chords. Approximate. With 
tadius 500 feet or more, divide the tangential di.stance by 4, 

With 300 ft. radius this rule gives but -013 of a fttot 
too short in 4'197 feet; and with 100 radius '466 too 
short in 13-398. 

AHTICLE XVI. 

Having r/itvn the Middle Ordinate d e, Fir/. 13, it is re- 
quired tafind any other one, as i n. 

Rule I. — Subtract the middle ordinate </ c from the 
radios de; the remainder will 
be e c- theu from the square of 
the radius c i subtract the square 
of the distance o i, which the 
required ordinate i n is from the 
middle ordinate d e, and extract 
the square root of the remainder. 
This square root will be o c. 
From this square i-oot o c subtract e c; the remainder will 
be o e, wliich is equal to i n the required ordinate. 

Example. — The middle ordinate </ c, of a 100 ft. choid 
6 a, to a radius of 819, being 1-628 feet, it is required to 
find the length of the ordinate i n, 20 feet from the middle 
one. 

Here, the middle ordinate de, 1-528, subtracted from 
the radius 819, leaves ec, 817-472. The square of the 
radius is 670701; aud the square of 20 (the distance of the 
required ordinate from the middle one) is 400; which, taken 
from 670761, leaves 670361 ; the square root of which ia 
818-756, or o c; from which take e c, or 817-472, and the 
remaiuder, 1*284, will be o c, which is equal to i n, the 
retjuired firdinate. 
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Rule 2. — Approximate. With radios n« lee than 500 
feel, chords 100 feet, maltiply anii ordinate of a 1° carve 
(Table, p. 50) by the diord-deflectiOTi aagle (in d^recs and 
detnmaU, table, p. 37) of the new curve. The product 
will be the corrtsponding new ordinate. 

For 300 ft. radius this rale gi\-es middle ordinate "013 
foot too short in 4-197 feet ; and for 100 radius -318 too 
short in 13-398 feet 

Rule 3. — Anv ordinate tor ehurds not exceeding 100 
feet in length, and far radii not less than 500 feet, may 
be found near enough for pracdce, thus: Divide the rec- 
tangle of the segments of the chord by the dkaaeier of the 
cune. 

Example. — ^What is the tmlinate at 15 feet from the end 
of the 100 feet chord, for a radius of 819 feet? 

Here, the ordinate divides the chord into 2 s^raents, 
of 15 and 85 feet. The rwtangle of these, or 15 X 85, is 
1275. The radius being 819, the diameter is 1638 ; con- 



sequently 



1275 
1638' 



.778 feet, the required ordinate. 



With radius 300 feet, chord 100 feet, this rule makes 
the middle ordinate onlv '030 too short in 4*197; aud 
with radius 100, too short -897 in 13-397 feet. 



ARTICLE XVII. 
To find Ordinates for Sub-Chords. 

These mnst be calculated as they are needed. It would 
not be possible to give tables for all supposahle cases. 
They may be found approximately enough for raUroad 
praetice, for curves of over 30t) ft. radius, and for chords 
not exceeding 100 feet, thus: 

The sub-chord being supposed to be divided into the 
same number of equal parts as the whole chord, then in 
any circle of given radius, not less thsm about 3(X) feet, 
the ordinates of an entire 100 ft. chord may be assumed 
to be to those of a sub-chord, as the square of the chord 
is to the square of the sub-chord. 

In all onr tables the chonl is supjxtsed to be 100 feel, 
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the square of which is 10000 ; the rule therefore becomes, 
as 10000 feet : square of suI>-<!hord in feet : : Ord, of 
Chord : Ord. of Sub-chord approximately. 

Example. — In a curve of 5730 ft. radius, the middle 
ordinate of a 100 ft. chord is "218 of a foot; what will be 
the length of the middle ordinate of a sub-chord of 60 feet ? 
Here, 

c ..!■ .nn n 13 , p en n . Mid. Ord. , Mid. Ord. Sob-Chord 

Sq. of 100 a. . Sq. of M tt, : : „f ^,^„fj^ . „;,p™ii«.aWi/, 

10000 : 2500 : : -218 ft. : -0545 ft. 

Or, they may be found for any radius, thus: 
Suppose wc ntxid the ordinates for a sub-chord 46 feet 
long; radius 1810 feet; or irliord-detiectioii angle 3° 10'. 




Makea rough pencil sketcli, Fig. 14 (wliich need not be 
to a scale), of a 100 ft. chord v w, with either all its ordinates 
for 1810 ft. rad., 5 feet apart (taken from Table, p. 50), or 
witii only alternate ones 10 feet apart, as in the Fig., and 
set down their lengths. Also draw the given sub-chord yx 
across as many of the ordinates as its length requires. In 
this instance of course across 5 of them. 

By one of the niles in Art. XV. find the middle ordinate 
a n (■146) of the sub-chord. Subtract it from the middle 
ordinate ac, or ■691. The remainder ('545) will be en. 
Now it is self-evident diat this ^645 taken from ^664 and 
■581 gives the other four 3ub-ordinatts^ll9 and '036; two 
of each. 

Consequently we have found 5 sub-ordinates for the 
sub-chord yi. The distances l>etwrcn them must plainly 
be laid off each way from tlie. middle i if the sub-chonl , i ustead 
of from the ends as u.sual, 
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Ordinalea fivr. feet apart. —ChOTii one hundred Tt»t. 


^1 






Di«.„c« 


^,h.C 


rdU.« 


ftoB ae .od nt IS. \M h>t Chori 






« 


^Zl 


«f... 


laitw. 


Kf.« 


»r.M 


isroat 


=Or..L 


i»f,«. 


^1 




2 


■007 


■007 


■007 


■006 


■000 


-005 


■003 


■008 


■002 


■001 






4 


■OU 


-014 


■014 


-013 


■012 


■010 


■008 


■008 


■005 


■003 






6 


■022 


■021 


■021 


-O20 


■019 


■016 


■013 


-Oil 


■008 


■004 






8 


■029 


■029 


-028 


-026 


■024 




■018 


-015 


■010 


■005 






10 


■036 


■038 


■035 


■088 


■031 


-027 


-023 


■019 


■013 


-007 






12 


■048 


■048 


■041 


-038 


■037 


■083 


■028 


■022 


■016 


■008 






14 


-051 


■050 


048 


■044 


■043 


■038 


■032 


■026 


■017 


■010 






IS 


-058 


■058 


■066 


■052 


■049 


■044 


■087 


■030 


■020 


■on 






18 


■065 


-065 


-063 


■059 


■058 


■050 


■042 


-033 


■023 


-018 






20 


■073 


■072 


■070 


■066 


■061 


■065 


■047 


■037 


-026 


-014 






22 


■080 


■079 


■076 


■071 


■067 


■060 


-051 


■041 


■029 


■015 






24 


■087 


■086 


■083 


■077 


■074 


■066 


■056 


■045 


■031 


■017 






28 


■096 


-098 


■090 


■084 


■080 


■071 


■060 


■048 


■034 


■018 






28 


■102 


■101 


■0B8 


■092 


-086 


■077 


■065 


■052 


■038 


■019 






3tl 


■109 


■108 


■105 


-099 


-0SI2 


■082 


■070 


-056 


■039 


-020 






32 


■116 


-115 


■112 


■loa 


■098 


-088 


■076 


-058 


-042 


■022 






84 


-123 


-122 


-118 


■111 


■104 


■094 


■079 


■062 


■044 


■023 








•181 


-180 


-126 


-119 


■110 


■099 


■084 


■0H6 


■047 


■024 






SB 


■138 


■137 


-183 


-126 


■116 


■105 


■089 


■070 


-049 


■026 






40 


-145 


-144 


-140 


-133 


■123 


■110 


■098 


■074 


■062 


■027 






42 


■153 


■160 


■H6 


■138 


■128 


-115 


-098 


■077 


■055 


■028 




44 


-ISO 


■158 


■163 


-145 


■135 


■121 


■103 


■081 


■057 


■030 






46 


-167 


■165 


■160 


■152 


■141 


■126 


■107 


■085 


-060 


■032 






48 


-174 


■172 


■167 


-158 


■147 


■132 


■112 




■062 


■033 






50 


•182 


■180 


■175 


-166 


■153 


-186 


■117 


■092 


-066 


■034 






52 


-]8B 


-187 


•181 


■171 


■159 


■143 


■122 


■095 


■068 


■035 






64 


-197 


■194 


■188 


■178 


■165 


■148 


■126 


■099 


■070 


■036 






56 


■204 


-202 


■195 


■185 


■171 


-154 


■131 


■103 


■073 


■038 






, 58 


■211 


-209 


■202 


■192 


■177 


■169 


■136 


■107 


•075 


■039 






I 


■218 


-218 


■209 


■198 


■183 


-164 


■140 


■111 


■078 


■041 






2 


■225 


■223 


■216 


■204 


■189 


■169 


■145 


-114 


081 


■042 






4 


■238 


-231 


■223 


-211 


■190 


-175 


ISO 


118 


083 


■043 






6 


-240 


■288 


■230 


-217 


202 


180 


155 


-121 


■086 


■046 






S 


■247 


-245 


■287 


■224 


-208 


■186 


■159 


■125 


■088 


-046 






10 


■265 


■25a 


■214 


■281 


■214 


■191 


■163 


-180 


■091 


■048 






12 


■262 


■260 


■252 


•237 


■220 


■196 


■168 


■133 


■094 


■049 






14 


-269 


-267 


•256 


■244 


■226 


■202 


■173 


-186 


■096 


■050 






16 


■270 


■274 


■265 


■251 


■232 


■207 


■177 


■140 


■099 


■052 






18 


■284 


■282 


■278 


■257 


■288 


■218 


■182 


■144 


■101 


■053 






20 


■291 


■288 


■279 


■264 


■244 


■ai8 


■187 


■148 


■104 


■H 


^ 


^ 










J 


1 
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apart.— Chord dju handred /eel. 


■ 
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word. 


1 


'^ri'u':' 


MWdjs 


(S f.«. 


«r«.. 


KltiL 


aibeL 


z.,... 


»r.«. 


'^. 


l«f^. 


.*-. 


1 22 


■298 


■295 


'286 


■270 


■250 


■224 


-192 


-161 


■107 


■06Q 




•24 


'306 


■808 


'293 


■277 




256 








197 


•156 


■109 


■057 






26 


■313 


■310 


■800 


-284 




263 




235 




201 


■159 


■112 


■069 






28 


■320 


■817 


'807 


-291 




269 




240 




200 


■163 


■114 


■060 






SO 


■827 


-324 


'314 


■297 




275 




246 




210 


■107 


■117 


■062 


1 




S2 


■334 


■381 


•821 


■304 




281 




251 




216 


■171 


-120 


■063 1 




84 


■841 


■338 


'328 


<310 




287 




257 




219 


■174 


■122 


■066 




SO 


■349 


■845 


■385 


■317 




293 




262 




224 


■178 


-125 


■066 1 J 




38 


-sse 


-S58 


■342 


-823 




290 




268 




228 


■182 


-127 


-068 






40 


-864 


■360 


■S49 


■380 




805 




273 




233 


■185 


■130 


■069 






42 


-371 


■367 


■356 


-387 




312 




278 




238 


■189 




-070 






44 


■378 


■374 


■803 


■843 




318 




284 




242 


■192 


■185 


■072 






46 


-385 




■370 


-350 




324 




289 




247 


■196 


■138 


■073 






48 


■393 


■389 


■877 


■866 




330 




295 




251 


■200 


■141 


■075 


i 




60 


■400 


■396 


■384 


■364 




336 




300 




356 


-204 


■144 


■076 


,^^H 




52 


■407 


'403 


'391 


■870 




S42 




306 




261 


-208 


■147 


■077 






54 


■414 


■410 


'398 


■876 




348 




311 




265 


■211 


■149 


■079 






56 


-422 


■418 


'40.5 


■383 




354 




816 




270 


■216 


■152 


■080 






5- 


■429 


'425 


■412 






860 




322 




275 


■219 


■164 


■082 






■436 


■432 


■419 


-397 




366 




327 




280 


-222 


■167 


•083 






2 


■443 


-439 


-426 


■402 




873 




332 




284 


■220 


■100 


-084 






i 


■451 


■446 


■433 


-408 




379 




338 




2S9 


-280 


■162 


■088 






6 


■458 


■454 


■440 


-410 




885 




313 




293 


■334 


■165 


■087 


^^H 




8 


'466 


■461 


■447 


■425 




391 




849 




298 


-237 


■167 


-088 






10 


■473 


■468 


■454 


■430 




S97 




355 




303 


■241 


-170 


■089 






12 


■480 


■476 


■401 


■437 




408 




360 




808 


245 


-173 


■090 






14 


■487 


■482 


■408 


■443 




409 




360 




312 


■248 


■175 


•092 






16 


-496 


■490 


■476 


-450 




416 




371 




817 


-252 


■178 


■093 






18 


■502 


'497 


■482 


■456 




421 




377 




321 


■266 


-180 


■095 






20 


'509 


-504 


-489 


■463 




428 




382 




326 


■260 


■183 


■096 


^^B 




22 


■516 


'511 


■496 


■470 




434 




387 




330 


■204 


■186 


■097 


'^H 




24 


■S28 


'618 


■503 


-476 




440 




398 




334 


■207 


■188 


-099 






26 


■681 


■526 


■510 


■488 




440 




198 




338 


■271 


■191 


■100 






28 


'638 


■533 


-617 


■489 




452 




404 




346 


■275 


■194 


■103 






SO 


'1345 


■5'tO 


■524 


-490 




458 




409 




860 


-278 


■190 


■108 






S2 


■652 


-647 


■631 


■508 




465 




415 




356 


■2S2 


■199 


■104 






R4 


■6liO 


■554 




■509 




471 




420 




359 


-285 


■201 


■106 






BB 


■567 


■562 


645 


■510 




477 




425 




864 


■289 


-201 


■107 






88 


■574 


■669 


■552 


-522 




483 




431 




368 


■293 


■206 


■109 






40 


-682 


■576 


■569 


■529 


-489 


-486 


■373 


■297 


■209 


■110 


■ 
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* 
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Ordinarea fict ffK apart 


— Chord oni hundnd /«el. 




] 








.^,« 


m li. >*d .( Uit m tKt ChorJ. 






W;' 


lT,i: 


^.^. 


«!•«.& 


r«t, » 


'^ 


xtriM. 


SOngL 


■.r«. 


.0.^ 


Shzt 


3 42 


•589 


-583 


■566 


636 


495 


■441 


■378 


-301 


■213 


■111 




44 


■696 




590 


■678 


542 


501 




447 


■382 


■804 


■214 


■113 






4tl 


-603 




598 


•580 


549 


507 




152 


■387 


•BOB 


■217 


-114 






4a 


•an 




606 


■687 


555 


513 




458 


■391 


•312 


■219 


'116 






60 


■618 




6t3 


■594 


662 


519 




464 


■396 


-315 


■222 


-117 






63 


<626 




619 


■601 


569 


526 




469 


■401 


■819 


'225 


■116 






64 


-632 




62« 


-608 


576 


532 




474 


■405 


■822 


■227 


■110 






56 


■640 




634 


•615 


682 


538 




480 


■410 


326 


■230 


■121 






s" 


■647 




641 


■622 


568 


544 




486 


■414 


■830 


■282 


-123 






•654 




648 


■629 


595 


660 




401 


■419 


■834 


■235 


■124 






2 


■661 




655 


■636 


602 


556 




496 


■424 


■338 


■238 


■126 








■669 




662 


'643 


608 


562 




603 


■428 


■841 


■240 


•127 








■670 




670 


■650 


616 


568 




607 


■433 


■846 


■248 


■128 








■683 




677 


•657 


621 


574 




513 


■438 


■84B 


■246 


-130 








■691 




684 


■6B4 


629 


681 




618 


■443 


■363 


•249 


■181 








■6B8 




691 


■671 


685 
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LONG CHORDS. 




ARTICLE XVIII. 

On Long ChordB. 

It is sometimes couvcnietit, in preliminary locatioDE, to 

J off curves by chords longer thau 100 feet For in- 

Btancc, m Fig. 15, instead of ninning from a by cbords 

a b, b c, c (/, etc., of but 

lOOfeet, points (/,/, 5", etc., 

may be obtained witli less 

trouble by using three 

times the tangential or 

deflection angles of the 

table (as the case may be), 

and employing chonk a rf, 

iJftfg, etc., nearly three 

times as long as the chords 

ab, be, etc. ; or if a d, df, 

Jg be eitliei- 2 or 4 stations 

apai-t, then 2 or 4 times the 

tangential and deflet^tion angles would be used ; and chords 

neai'Iy 2 or 4 times 100 feet in length. 

The next table contains the correct length of chord re- 
qiiii-ed to subtend from 1 to 6 stations. 

7b find Uie length of a Long Chord to subtend any gh^en 
number of^OOfl, ckor(h. 

Rule. — Multiply the law/eidicd angle for 100 ft. chords 
by the given number of 100 ft. clionla. The product will 
be half the central angle subtended by the long chord. 
Find the uat sine of this angle. Multiply this sine by the 
radius of the curve. The product will be Aw//" the long 
cliord. Multiply it by 2. 

Or, as a ibrmula, 
i-on^^wA^aine of [taniil. angle X No. o/lOO/i. ehordit) 
X radius X 2. 

lb find the Middle Ordinate of any Lorg Chord, if such 
should hii desired. 
Rule. — Multiply the tangcTUial angle for 100 ft. chords 
by tlie number of 100 ft. dioinis subtended by the long 
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(thord. Find the nat. versed sineof the (irodnct. Multiply ' 
this verw^i sine by the radius of the curve. I 

Remark I. — Jjong chords may at ttmea be v^efal Jor 
pacing an obstacle, I 

Thus, suppose we are running the curve ag. Fig. 15, 
by tangential angles and chords ad, df,Jg, of 100 feet; 
the transit being at a. An obstacle o prevents taking a 
sight oaf; but the curve may still be continued from a 
by using a long chord ag, subtending the thi-ee 100 ft. 
chords. The angle nag or sga will liere equal the sum ' 
of the three tangential angles nad, daf,fag. 

It is plain that from u we may, if necessary, continue 
the curve beyond g by tangential angles and 100 ft. chords 
as before meeting witij the obstacle. 

This Method, and those in Arts. I. and XXXVII., 
will cover nearly all cases in practice for the parsing of 
obstacles. 

Remark 2. — Witli the methou of curving by long chords 
alone, the instrument should be moved to each successive 
point after it is determined, in order to fix the next one, 
instead of attempting to obtain more than one point from 
one position of the instrument; because when the chorda are 
longer than one chain tliey cannot be measured in the right 
direction by eye, but must be guided by the instrument. 

Remark 3. — It must be borne in mind that, in any given 
curve, only the tangential and deflection angles increase in 
the same proportion as the number of 100 feet stations 
subtended ay the long chord. Therefore, M*kc long chords 
cannot be used for laying out curves by eye, as their tan- 
gential and deflection distances are not here given. 

When It is required to use long chorda for turning a 
curve by Art. 3, they should be composed of a number of 
whole chains, being ma^le say, 200, 300, or 400, etc., feet in 
length, beciiuae the deflection distances of curves of given r 
diuB are exactly, and the tangential distances approximate _ 
as the squares of the number of chains in the length of 
the long chord. For instance, to lay off a 5° curve by 
chords of 200, 300, or 400 feet in length, the tangential 
and deflection distances of the table must be multiplied by 
4, 9, or 16, as the case may be. In this case the tangen- 
tial and deflection angles are unknown. 
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■Udl« la taL 


*F.|.lrOf 


L.;l,ell,..f 


honl hi fMl rPumiTd 1,. .uhlenil 








IWII«Ul.o. 


IBUU^a. 


lS«,i«.. 




.Bt-i«. 


oauuloD.. 


.BUU-... 




6729-6 


1- 


"loo" 


200-0 


300-0 


399-9 


499-8 


599-7 




4683-8 




UK) 


200-0 


300-0 


399-9 


490-8 


596-6 






3819-8 




1(K) 


200-0 


299-9 


399-8 


499-7 


599-4 






3274-2 




100 


200-0 


299-9 


399-8 


499-5 


669-2 






2864-6 


20 


100 


200-0 


299-9 


309-7 


499-4 


698-9 






2646-6 


i 


100 


200-0 


299-9 


399-6 


499-2 


698-6 






2392-0 


i 


100 


200-0 


209-8 


399-6 


499-0 


568-3 






2(B3-7 


1 


100 


200-0 


299-8 


309-4 


498-8 


608-0 






1910-1 


3° 


100 


I9St-9 


299-7 


399-3 


498-6 


697-a 






17tJ3-2 




100 


199-9 


299-7 


399-2 


498-4 


697-2 






1637-3 




100 


199-fl 


299-6 


399-1 


498-1 


696-7 






1528-2 


101) 


199-9 


299-6 


899-0 


497-9 


696-2 






1432-7 


40 


100 


199-9 


299-5 


398-8 


497-6 


565-7 






1348-6 




100 


199-9 


299-5 


398-6 


497-3 


596-2 






1273-6 




100 


190-8 


299-4 


398-6 


49S-9 


694-6 






1206-6 


100 


199-8 


299-3 


398-3 


496-6 


594-0 






1H6-3 


fP 


100 


199-8 


299-2 


398-1 


496-2 


693-4 






1091-7 




100 


199-8 


299-1 


897-8 


496-8 


592-7 






1042-1 




100 


199-8 


299-0 


897-7 


495-4 


692-0 






996-9 




100 


199-7 


298-9 


397-6 


495-0 


591-2 






965-4 


60 


100 


199-7 


298-9 


397-3 


494-5 


690-4 






917-2 




100 


199-7 


298-8 


397-0 


494-1 


589-a 






881-9 




100 


199-7 


298-7 


896'8 


493-8 


588-B 






S49-3 




ino 


199-6 


298-8 


396-5 


463-1 


687-9 






819-0 


70 


100 


199-6 


208-5 


396-3 


492-0 


687-0 






7W8 


i 


100 


199-6 


208-4 


896-0 


492-0 


686-1 






7IM-5 


i 


100 


199-0 


298-3 




491-5 


685-1 






739-9 


i 


100 


199-6 


298-1 


395-4 


490-9 


684-1 






716-8 


8° 


100 


199-5 


298-0 


395-1 


460-3 


583-1 






695-1 




100 


199-5 


297-9 


304-8 


489-7 


682-0 






674-7 


j 


100 


199-5 


297-8 


394-6 


489-1 


680-9 






655-4 


100 


199-4 


297-7 


3B4-2 


488-4 


679-8 






637-3 


9° 


100 


199-4 


297-fi 


393-9 


487-7 


S78-6 






620-1 




100 


199-4 


297-4 




487-1 


577-4 






603-8 




100 


199-3 


297-3 


393-2 


486-4 


676-2 






588-4 




100 


199-3 


297-1 


392-8 


485 6 


576-0 






673-7 


10° 


100 


199-2 


297-0 


392-4 


484-9 


573-7 




Fur radii less tl 


sn 573-7 feet, it 


ie never required to iiee longer 




chorda ihan 100 fee 
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CHAPTER III. 

COMPOUND AND EEVEIISE CURVES, ETC. 

ARTICLE XIX. 

We liave hitherto spoken only of simpk curves ; that 

ia, of such aa are parts of only one circle ; aud hence have 

but one radius, and e^ual apex disianceii. 

Compoimd Corves Defined. 

When a curve, as apz, Fig. IG, has apex di 
XX, of difierent lengths, it must also 
have at least two difierent lengths p c, 
p o, of radius ; and if the curve also 
runs in one general direction, like apz, 
(instead of in two directions, like arw, 
Fig. 18), it is called a compound curve. 

The point p, at which the change of 
ratlins occurs, is called the Point of 
Compound Curvature; and the stake 
at tliat point in a survey, is marked P C C 




Se verse Curves Defined. 



When I 



e of two adjacent tangents (x y and y z, Fig. 
17 ; or xy aud yw, Fig. 18) de- 
'-*'' fleets to the right, aud the other 

to the left, their two curves ap and 
qz, Fig. 17, must also deflect in 
different directions, as seen in the 
two Figs. When these curves, 
as a r and r w. Fig. 1 8, touch each 
other, as at r, Fig, 18, the two together constitute a ti'ue 
Reverse Curve. They are often called reverse curves, 
even when, as in Fig, 17, they are separated by a short 
tangent p g. 

Remark I. — Reverse curves should never be nm without 
such an intermediate tangent, if it ia passible to avoid 
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doing so; IwHsiuse the omieision prevents the proper ele- 
vation of the outer rail of the curves, and thus enibrces a 
reduction of speed in travelling around them. 

Remark 2. — The two branches or area of a reverse curve 
may have either equal or unequal radii ; or eacli branch 
may be in iteelf a compound curve. 

Remark 3.^The introduction of the tan^at pq, Fig. 
17, cviilontly tmnsfornis a true reven-ge curve into t\vo 
entirely detached simpk ones, ap, qz, eai'h subject to al! 
tlie rules for such. 

ARTICLE XX. 

The laying-out of Campoand and BeveiBO Curves. 

This ia a very niniple operation, requiring no further 
knowledge of principles than is taught in Art. I. Thus, 
starting at u, we run the first branch « r by means of tan- 




g^itial angles wao,oae, e a r, corresponding to the radius 
rtcorrc,- and with 100 ft. chords «o, o<i,er, precisely oh 
in Art. I. Arriving at the eud r, we move the instrument 
to that point, and lay off eitlier a single tangential angle 
p r x, or the triple one arx, etc., thus bringing the telescope 
to sight along arr. Revolving the telescope, it will signt 
along the tangent ry, or xr oontinncd. Now it is plain 
tliat if, starting from this tangent ry, we continue to lay 
off the same tangential angles as before, we shall thereby 
extend the curve ar of radius re. But if we lay off new 
tangential angles yra,srz, etc., oorrcsjiunding to the radius 
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rdf or zd'y we shall complete the compound curve arz. 
Or if, from the opposite side of the same tangent ry, we 
lay off tangential angles yrVy vrUy nrw, etc., correspond- 
ing to the radius r d or «? d, we thereby complete the 
reverse curve arw. 



ARTICLE ZZI. 

Having given the two unequal apex distances a p, p z. Figs, 
19 and 20; and the total, deflection anghy or total 
central angle, v + w, Required to find two radii a c and 
zd, for a compound cm-ve abzy to unite a and z tan- 
gentially.* 

Ist. Find the sum, and also the difference, of the apex 
distances. 

/\ 

p/ v -f "W 
„'-' 'py^":: i. 







'^. 



Fi«. 19 



Remark. — If, as in Fig. 21, the tangents are paralMj 
there will be no apex distances. For such cases see Art. 
XXII. 



* The above rule enables us to join any two points. It always gives 
a curve in which the line c 6, dividing the two branches, will, when 
extended, strike the apex p; which will rarely happen when the 
radii are determined upon beforehand, as in Ail. XXlIX. 
6 



i2 a»MI»()UND fUIiVES. 

2d. Divide the total deflcetiou angle, v + w, by 2. The 
quotient will be the sum of 
the two tangent angles x and 
y, Fig. 19. Call tliis sum 
s; and call their unknown 
diffen-iHV <l. 

Remark. — The sinie pnu- 
ciple apiilies to Fig. 20, but 
(.■anuot be conveniently illus- 
trated in that Fig. RIauy of 
the dotted lines in Fig. 19 
ai'e nieitly to aid in our subse- 
quent demonstration. 
F^. ad" 

3d. Then say, as the 

Sum of the , DitT. ofthe .. Sine , Sine 
apex diats. ' apux dists. • ' ol's ■ ot'd. 
4th. From the table of sines take the angle d con-c- 
eponding to the sine last found. 

5th. Add together s and ((. Divide their suni by 2. 
The quotient will be x, the greater of the two angles; 
and « — X gives y, the lesser angle. 

6th. Find the angle v = twice x; and tlie angle w ^= 




/th. Itadius (( ; IS = -J- — ■ . ^ 

tangerU oj w 



imd Radius C 



apex distance p a 
tangent of v 

Remark. — When this rule is used tliu larger angle, v, 
always cori'esjwnds to the shtrrter apex distauee, a p. 

DKMOSSTBA HON. 

The forgoing process ia based upon the princij>le that, 
as the 

Sum of the Diff. btitween Sine of the Sine of th« 

tangentB of ; said two • ; sum of the ; dilf. of the 
anytwoanglea tangents twoanglea twoangles. 

Referring to Fig. 19, we have 
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ra^pa X tang, of rp a. Also rpa^ 
pay. tang, of x. 

Also pb^ra. .'.pb !=p a X tang, of x. 

Also III z = p s X tang, of mpz. AaAmpz^y. .". 
m.z^=pz X tang, of y. 

Also ph = mz. .'.pb=^pzX tang, of y. 

.•.pa X tang, of i^jse X tang, of y; or,asj)a ; ps 
; ; tang, of y I tang, of x, 

p a, then, represents tang, of y ; and p z represents taug. 
of X ; and we nave, as in 3d, 

pa + pa : pa — pz, or pz—pa : : Sine of (a: + y) I 
; Sine of (a; — y). 

ARTICLE XXII. 
To mmimi ianffentiaSy by a compound nfnv, a b z, Fiff, 1 

21, two poiyds a and z, not directly opposite earh other, 

on parallel tangents A^aand zn. 

Required to find the radii c h and d b. 

We must first find the central angles, v and w, of the j 
two branches of the curve, thus ; 

Rule. — Divide the perpendicular distance kz between I 
the tangents, by the distance k a 
which the ends of the curve 
want of being opposite each 
other. The quotient ^vill be the 
tangent of kaz. Now ia is 
perpendicular to d z, and by 
drawing db perpendicular to az 
we niiuce zdb, or p, equal to 
k a z.* Therefore kz-^ ka^ 
tangent of v. 

Find 1! in the tabic of fan- 
gents; and deduct it from 180°. 
The remainder will be the an;:rle w ; because when tan- i 
gents are parallel, v -\-w must always ije 180°. , 

From the table take the versed sines of v, and of w. j 
Then 

•The pointH a and z may be joined by otLer oom^miil curves, in 
which db IB not perpendicular to as, bat by making it perpendicular 
we obuuo a satisfactory curve, and a simple metliod of noding tf>« 
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RadiiM eb = half kz-¥- veraed sine uf w; snd 
KadiuB<^A^ Ao//' ks-i- veraed eiue oi'tr; 

for when the tangente ka and zn are parallel, a line <in 

joining them at nght angles is = (d 6 X ver. sine of v) ~|- 

(a e X ver, sine of w). 

And when rf ft is made perpendicular toaz, then {o c X 

ver. sine of w) ^ (rf ft X ver, sine of ») ■= half a n. 

ARTICLE XXIII. 

Having the total de/keiion angle, x', i%8, 22 and 23, &f> 
tioeen two tmtgenlSf a c and c b, which are to be united 
by a compound curve a p b, darting Jrom &,iti8 

Required, to find how far aci,from the apex, c, to be^/a 
the curve. See footnote to Ait. XXVI, 




We must first decide what radii, p r and po; and what 
lengths, in chords, the two branches, ap and pb, of the 
curve shall have. 

Rule, — Find the central angle, v, subtended by the aec- 
ond branch, p b, of the curve,= its chord-deflection angle 
X its number of chords. 

Find, in the table, p. 170, the versed sine of this an- 
gle, V. 

Find the difference, r o, in length between the radii p o 
andpr. 
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Find b h^ro X vei'sed siue oft'.* 

Fiud in the table, p. 124, tlie sine of x'. 

Fiad dc^bh -i- siue just fouud. 

Fiiid iu the table, p, 124, tLe taugt-nt of half the cen- 
tral angle x. 

Find rt d = radius ar X tangent just found. 

Find a c, thus : 

Case I. — When x is less than 180°, ac^=ad-\-do. 

Case 2. — When x exceeds 180°, and the shorter radius 
is run first, nc^^ad -\- dc. 

Case 3.— When x exceeds 180°, and the longer radius 
is run first, ac^ad — dc, or 

Case 4. rac^dc — ad. 

For the starting point n, from o measure no bnchcard, 
in Cases 1 and 4 ; ot forward in Cases 2 and 3. 



Han 



ARTICLE XXIV. 

'/ the total dejfidion angles x \> i and v 
ami the dinlmux hc,itU, 



i, Fig. 24, 



Required to find tJie greatest radius, gio?-h i, thai can be 
enijjloi/ed mi « revase curve, f o i n m, for uniiing a b fo c d ; 
aiul U) locate lite point of curve, f ; or point of tavgent, m. 

Rule. — Fj-om the table, p. 1 24, take the tangent ofbgi, 
^^half oi xbi; and the tangent 
of i h = half of w ci. Add 
these two tangents together, and 
divide A c by their sum. The 
quotient is the greatest common 
radius, gi or hi. 

Find the apex distance bt ov/g 
bf^=rad\uagiXiaagent oibgi. 

Find the apex distance c i or 
cm ^= radius hi X tangent o? iho; or = 6c — bi. 

Example.— Let xbi be 108° 20'; wci 50° 45'; and 
the distance b o 950 feet. What is the length of radius 
A» or gi, of the easiest reverse curve for uniting a 6 to 

"Because if we imagine tlie first branch, ap, of ike turve to lie e;t- 
teiided forward tot, sn as (o siibtenil theanKle.[ = a;', and from p draw 

fwnat right onglea loot, thenw/; | = nAj i9 = rpX ver. eine of u* 
= t]; nb=opXyei. sine of p; and fi A I8 = 7i6 — »/i, or bA— ii6 
^ tli9 difference r o of the radii X ver. sine of v. 




FIELD PROBLEMS. 

ed; how far, b/, back from b muet the curve begin ; and 
how far, cm, forward from c will it end? 

Here we have, 
half of rft i (108° 20') = 54° 10' ; ite tangent 1-3848 ; 
andhalfofwci( 50° 45') = 25° 22J'; its tangent -4743. 

The sura of these tangents ^ 1-3848 +-4743 = 1-8591. 

Radius ff i or Ai = 6c (950 ft. )-i- 1-8591 =511 ft. 

Apex distance 6 * or 6/= Rad, gi or At (511 ft.) X 
tang, of half xb i (1-3848) = 707-63 ft. 

Apex distance c i or c m ^ Rad. gi or h i (51 1 ft.) X 
tang. ofAo^wci (-4743) = 242-37 ft; or = 6 c — &i = 
242-37 ft. 

AATICLE ZX7. 

To alter the lait part of a Curve bo that it will properly 
join a New Tangent. 

Remark. — This problem covers most of the eases tliat 
occur in practice ; but at timus certain restrictions present 
themselves which require other metliodu, some of which 
will be found further on, 

Hamngfriym a, Figs. 25, 26, 27, aitd 28, run a cwrcc ab, 

ending in a tangent b e, we wish to alter the radius tf the 

last part of it, go that it shall eonn^d tangevMaUy tmth a 

new tangent g f, either paraUel to the old one b e, or not. 

Rule. — From any point o of the curve (which point 

must he hack from s, when, as in Figs. 25 and 26, the 

new tangent gf cuts the curve) run a short tangent o ( to 

meet the new one gf. Measure both o t and the outer 

meeting angle o tg. Tliis angle will be equal to the central 

angle, oxn, of tlie new part, on, of the curve. Hence 

New radius ox^^~ — ^, = —, 

tang, ot i oxn tang, of i otg 

Remark I. — If we do the same thing at a, we shall get 
a radius which will give a uniform curve from a to the 
new tangent gf; and this will often be better than the 
compound curve otherwise obtained. 

Remark 2. — When, as in Figs. 26 and 26, tlie new tan- 
gent gfcuts tJui VMrve, as at « (or if it should cut an extension 
of the curve forward from b), then any new radius o x will 
be shorter than the old one be; lengthening, however, the 
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farther we go back from b; but when, as in Figs, 27 and 
28, the nmv tangent tloca noi cut the curve (or an exteDsion I 
of it forward from 6), any new radiua ox will be longer 
than the old one b c; sliortening, however, the farther we 
go back from 6. 




Remark 3. — It does not always follow that the end of 
the new part of the curve of greater i-adius than Uie old 
part will always extend beyond 6, ai^ in Fig. 27 ; nor that 
one of shorter radius will fall behind, b. 

Remark 4. — In cur\'es not exceeding 180° long, if the 
eiTor [9 small, it may be humored In by dividing it equally 
among the chords by measure, without retracing the ciu've 
witll an instrument. This method may be employed with 
perfect security so long as the error does not exceed 1 foot 
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tvi every cliord of 100 feet; and it will never be so great 
if niotlerate care be taken. 

Thus, if the curve be 20 chorda long, and the error 20 
i'ect, the last stake may be moved 20 fret, the next 19, tlie 
next 18, etc., as nearly at right angles to the curve aa can 
be judged by die eye. 

The aame ordinates that would have be«n Ufial had th<! 
curve been correct, will answer for the one so adjiiatwl, 
without perceptible difference. 

The resulting curve will not be truly eircniar, although 
vciy closely so ; still, for the «tke of uniformity throughout 
the route, it had as well be corrected at leisure, before 
actual grading begius, if the error exceeds 2 or 3 inches 
per 100 ft. choid. 

ARTICLE XXVI. 

Having from a, Mgs. 29 and 30, ruit « oinv a b h On- 
tangent b s, U is desired, with the same radius, to strih- 
the parallel tangent og, either inside of & 8, as in tlie 
Figs., or outside of it; the pe^-pendictUar distance, be, 

between the tangents being given. 

Required, the distance, a n, for starting the new curve 
- no.* 

Rule. — In either Fig. find the sine of the central angle 

"'It niiiHt be carefully bnme in mind that in Fi;;. HO. na well dh in 
all tLat follow in which the curve U greater than 180", ilie central 
Angle is the larger one at tlie centre, and Is the une there subtended 
by the curve. The sinaller one at liie same centre, and denoted by 
the verr name letters, m what we have called the substitute angle. 
See |iage 30. In some of the probleniB this is Hubotituted for the true 
central angle; but when bo, the fact is slated. No error, however, 
would ariae from taking the sine, cosine, tanKent, etc, of one for tliat 
of the other, inasmuch as thsv are the same for both angles. 

In the Bimple cnrvenei. Fig. 30, the tnie central angle axb U that 
on the rigltt of the two radii ai atid bi; while the angle axb on the 
left of those radii is the tubatitute angle; always equal Ui what the 
central angle wants of being 300°. 

The same care is ueceKsary with r^ard tu (he total deflection angle, 
(shown by the dotted arc around r, Fig. 30) where two tangents of 
a cuiTe of more than 180° meet. Whether the curve is greater or 
lens than 180°, this angle, in a lample curve, ia always eqnal to the 
rentral angle ; or, In a eompound eurve, lo the Bum of ils two or mora 
central angles. 
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axb, subtended by tlie curve. Divide the giveD distoDce 
6 c by this aine. Tlif; quotient will be the distance 60=; 
on; to be raeaaui-ed Oachcard from a to n, when, as in 
Fig. 29, the new tangent 
o p" is back towards the be- 
ginning of tfie Burvey, 
from tlie old tangcutijt; 
and to be mea'^ured for- 
icard from a to n, when, 
as in Pig. 30, the new tan- 
gent 05 18 forward towards 
the end of the survey, from 
the old tangent b s. 

Remark. — If the cen- 
tra! angle axb is just 90° (as it would be with the tan- 
gents e k aud U7 m in Fig. 30) ; or just 270°, the sine is 1 ; 
au J the dist ania^fiM-i-1— em. If the central angle 
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be 180°, the sine is ; and the problem is impossible. 1^ 
tliis case 3 change of tangents would i-equire a change in 
the lengtli of the i-adiua. 

DEXOXSTRA TIOS, 

Since the two curves ab aud no, in either one of the 
figs., starting from the same tangent nr, are equal, 60 
must be equal to its parallel an. And as 60 is made 
{tarallel to tlie tangent, t/a, 60c is, iu Fig. 29, evidently 
equal to total defiection angle y)-o = «a'7»; aud in Fig, 
30, to tlie supplement, yrq, of total deflection augle 
'Irq. 
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Now an angle and its supplentent (see p. 121) have the 
same sine. 

As i a; is perpendicular to og, be. \a=^bo X sine of 
bocoTotaxb. 

In other words, 

, , , . be he 

an{=bo) \&=-. j-j — =—. J -— = — -3 

^ ' sine 01 6 o Bine of central asgL 

ARTICLE XXVII. 

Saving from a rrin a carve, a c, Figg, 31 mid 32, ending 
in a tangent, en, Uis deaired io start again at the same 
point, a, and to run a curve, a b, eHJier of longer radius, 
as in the Jigs., or of shorter radius, to unite witfi a tan- 
gent, as ora, paraiM io en ; and either outside of cu, 
as in the Jigs., or in^e of it. 

Required, the new radius. See footnote to Art. XXVI. 
Remark. — This rule applies equally to the case of a cont- 
pmind curve, as v/ac, where it is desired to retain the same 
point, a, of compound, aurvafiure. 

Here we first find the difference between tlie t^vo radii ; 
and then either add it to, or 
take it from, the fii-Bt radius 
to get the new one. 

Rule. — Measure the short- 
est distani*, o 6, between the 
tangents, b m and c n. 

Divide this ob by the 
versed sine of the central an- 
gle, adc, subtended by the 
curve. Thequotientisthedif- 
ference,^^', between the radii. 
Then if the new tangent, b m, lies outside the old one, 
en, as in tlie figs., add dg to the old radius, ad, for tlie 
new one, a g. 

If the new tangent lies inside the old one, subtract dg 
from the old radius, for the new one. 

Remark. — If the central angle is jast 90°, as adc, Fie. 
32, or just 270°, the difference dg between the radii wul 
be equal to the distance/A between tangents/i and Aj; 
because the vei-sed slue of 90°, or of 270°, is 1. 
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If the total angle is just 180°, as agq. Fig. 32, t 
ditterence dg between the radii will be equal fo half i 
distance p q between the tangents p v and qu; because th^fl 
versed sine of 180° is 2. 

DBiaOSSTRA TION. 

From a draw tJie dotte<l line ar, parallel fo the two J 
tangents, 6 m and rjj, and therefore perpendicular to del 




and (/ b. Then s c = radius ady. versed sine of central 
angle; and r6 = radiu3 a j X versed sine of central : 
angle. 

The distance h o between the tangents i8^=rft^ — 8C = 
{ag X ver. sine of central angle) — {ad X ver. sine of 
central angle) = {ag — ad) X ver. sine of central angle, 
as shown by tlie dotted line, x c, and dotted are, c b. 

Hence difference d g of radii, or o y — ad,m 
bo 




ver. sine of central angle' 



J 



ARTICLE XXVIIL 

Uarnnrj from a, Figs. 33 and 34, nm n eun-r, n h, rtnUv/f 
UtwimtutUy in he, tee wUh If change ihe starting-point 
from a.tof,8o Uutf with the same radius, cu, >r,'- xhill 
tdrikv, as at '\,a newtawjttU, h>\, pwmiug tltroiigh h,<md 
dejiecting eiUier inward or ouiward from be 
Required the distance a f. See footnote to Art. XXVI. 

BVI.E. 

Ist. Plaeetheinstrumentat/;, and measure the anglet/fec. 
2d. Find the new central angle, fgi (= iind), thus: 
if, as in Fig. 33, the 
new tangent, bd, de- 
flects outward, then 
fg t is ^ old central 
angle aeb (subtended 
by the curve) minus 
(irfftc. Or if, as in Fig. 
34, the new tangent, 
6(7, deflects inward, 
then fg i (of the en- 
tire dotted arc/i) is 
= old central angle, neb (of the entire arc a b), plus dbe. 
Remark. — If thoaevr tangent, bd,iaparafkl to the origi- 
naJone, a s (in other words, iff g Os 1S0°), then the radius 
mud be shortened so as to be ^ half the perpendicular 
distance between as and the new tangent, and the curve 
may start from any convenient point, as a,f, etc., etc., cm 
the tangent 71 u. 

3d. Kind ex(=kw)^ radius ea X ver. sine of d 

4th. Findffe(=a/) = c3;-^Bineof/.9 

5th. If, as in Fig. 33, the new central angle is less 

ISO", measure af, thvs found, bachcard from a. If, as in 

Fig. 34, (he new central angle exceals 180°, measure af 

foneard from a. 

Example. — In Fig. 34 the new tangent, b d, deflects 
inward from the tirst one, b c. Therefore, 
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Ist Measure tibc = siy 40°. 

2d. Find /</ i or und ^ a e b (say 260°) -{- dbc {aay 
40°) ^ 290°. 

3d. Find exi=k w) ^ radius c a (say 100 ft.) X ver. 
sine (-234) of dic=- 23-4 ft. 

4th. Find af^ex (23-4) -5- sloe (-940) of/.? i = 24-9 ft. 

5th. Hlnoefgi exceeds 180°, measure a/(24'9 ft,)/or- 
ivitrd from a for the new starting-point/. 




DEMOKSTRA TIOX, 

Draw the line hwex, Figs. 33 and 34, peipendicular 
to new tangent 6 d, and passing through the old center e. 
Since k e and A c are respectively perpendicular to both the 
new and the old tangents, bekia^=dbc. If tlie curve 
were to be pushed back from h, along the line k x, it 
evidently must, in order to become tangential to 6 </, move 
through the distance e x {= kw)^ radius, X ver. sine of 
keb or of d 6 c. But the curve must be tangential, not 
only io bd, but also to n u; and the center of the curve 
must, therefore (after moving from c to x), move along the 
line xg, perpendicular to ex, and parallel to bd, until its 
perpendicular distance /^ from as is^radius ea. 

Now, to find the distance eg {^= a/), through which 
e the cQi-ve at once from e or a, we have, 
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Since .T g and e g are pespectively parallel tahd ami 
tiu,e g xia=^ und ^=Jg i. In tlie right-anglwl tri- 
angle exg,ex\a evidently := eg X, sine o{ e g x {or of 
fg i). In other words, c g (=^ ft/) is ^ e x -!- sine offg i. 



ABTICLE XZIX. 

Having from a, Fign. 35 ««'( 36, run a cui-re, a h. In \>, 
where U is tangeniiat to he, we wish to find a new radius, 
agffor a new emve, ai, to bcffin at the same point, a, 
and end, aeati,inthe new taTigenl, i d, wkicii. iiUersecta 
Uu- old tangent, b c, o^ b. 

Required tlie new mdius ag or ig. See footnote to 
Art. XXVI. 

Remark [, — In this problem, the new radiiie will always 
l)e sliiirter than the old one. 

Remark 2. — If the new tangent, or its extension back- 
„ „ ■• u """"^t •'"*^ ^^ "1*1 radius, 

a e, as in Fig. 33, this prob- 
lem does not apply. In 
such cases, the starting- 
point, o, must be niovM. 
See Arts. XXVIII. and 
XXX. 

SVtR, 

Ist. Place the instrument 
at b, and measure the angle 
dbc formed by the old and 
the new tangents. 

2d. Find "the new central 
angle agi (subtended by the entire new ciure aij^neb 
minus dbc, when, as in Fig. 36, the new tangent, b d, 
deflects outward at b; qt ^= aeb plus dbc, when, as in ■ 
Fig, 36, it deflects inward. 

3d. Find e a; (= A ic) ^ radius n e X ver. sine oi dbc. 
4th. Find yc, the difference between the old and the 
new radius ^= ex -^ ver. sine of a pi i or ofund. 
5th. Find tfae uew radius ag^ old I'&dius ae — g e. 




FIEI,D PROBLEMS, 
i»EiaOXSTRA TIOX. 

To show that ex \s^^ radtiis a e X versed aine of db e^'M 
see demonstration of Art. XXVIII. 

To show that geis^ ex -i- versed sine of ag i; from' 
i draw i v, parallel and equal to ff e. Now, i v and k v 
Iniing respectively parallel in n g and i g, the arc i k is ^ 
arc (( I, and the angle ivk'iR^= angle a g i. Also, k le 




(■= e x) is evidently =^ i c X versed sine ofiv k (:= ff e X 
versed sine of a g i). In otiier words, g e is ^ e x -i- 
versed sine of agi. 

ARTICLE XXX. 

Haoing Jrom a, Mgs. 37 and 38, run a eiirrr, ab, to b, 
where U is tnngetUial to b c, ice ym/i lo change the r9dius 
and the starting-point, so as to strike the divergent iaiir- 
ge)d, hd, at the same point b. 
Required the new radius /^ and the distance aj. See 

footnote to Art. XXVI. 

Rule. — For the new radius fg. 

1st. Place the instrument at A, and measure the angle 

dbc. 

2d. Find the new central angle /^ h, subtended by the 
entire new curve/6, thus ; If, as in Fig. 37, the new tan- 
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gpnf-, h ({, deflects owtword, then fg b i= « n (/) 's = old 
central augle « e b minus d b c. But if, as id Fig. 38, tht' 
iiew tangent, b d, dt^HL-cts inwardy then/iy 6 =old ivntnd 
iinglo aeb plus (f 6 cr. 

3d. Find fk {= aw) ^ old radius ac X ver. sine of 



4th. Tiioi 



1 Tm\\\if<fg=^Jk -i- ver. aine oi'j'y b. 



_n. B u 




Remark. — Having now the new radius, it Is plain that 
nothing more is iiecessaiy than to run tlie new tiurve,/i, 
backward, beginning at b. This will, of course, bring us 
to /, without any special calculation for finding a/. It 
may, however, be found thus : 

1st. Find 6A (= new radius /p' X sme of /jii 

2d. Find 6io (^old radius ae X sine of (tt^i). 

3d. Fmd af, thus : 

If aeb and fff b are btith greater (as in Fig. 38), or 
both less (Fig. 37), than 180°, then 

a/i8 = th(! difference, kw, Iwtwcen bk and bw. 

If either aeb orfg b is grcatta-, and the other less, than 
180°, then 

nf is = the sum of b k and b w. 

4th. Froni a, measure af along aa; toward b if the 
new radius is hiot than the old ; and away froni b, if, as 
in Figs. 37 aud 38, the new radius is greater than the old. 
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ARTICLE XXXI. 



Having run a curve frmn oto&. Figs. 39 and 40, and then 1 
a tangent to b, we vnsh to find a new point, e, on Ihe i 
carve, such that a new tangent, e c, sfta// pass through a 
point, c,aia given distance, be, at right angles (o a b. 
In Fig. 39, the point c is outside the iangent ab; and I 

in Fig. 40 it is inside. ■ 




irie.39 

Required, to find the angle x, which is the number of 
d^rera to go backward along the curve from a to e, in 
Fig. 39 ; or forward in Fig. 40. 

Rule. — Complete the reotanfrle, abed, thus making 
dc = ab; and ad=bc; and thus finding 5' rf,^ the 
sum of ^ a and arf in Fig. 39; and = their dilTerence 
in Fig. 40. 

,/ c 

Find the angle y, by means of its tangent — ,. Find 
its eine. ^ ' 

Find og,= dc-i- sine of y. 
Find the angle z, by means of its cosine — . 
Find the angle x, ^^ the difference between y and £. 
This 3; is the number of degrees from atoe; and con- 
is =: tlie numiiei' of c/iorcfa 
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choi'd-deflection angle 
from a to c. 
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ARTICLE XXXII. 

Having from a laid (rut a glmpk curve to h, Figs. 41 and 
42, and at b changed it to a compotmd mirve by adding 
b c, 80 that aicU terminates in the tangerd en; it is 

Required to find a neit> point, k, of compound mirvatitre, 

so that the compound cmjtk, a k f, traced with the same 

radii ns before, viay terminate, as at f, in a new tangent, f m, 

parallel to the first one, en, and either outside or inside of it. 

There are two cases: 

Case I, — A, (Fig. 41) When the curve of shorter ra- 
mdius is run first, and tlie tangent sought 
is inside the first one. 
B. (Fig. 42) When the curve of longer i-adiua 
is run first, and the tangent sought is out- 
side of the first one. 
Case 2. — C. When the curve of mkorter radius is run 
first, and the tangent sought is outside of 
the first one. 
D. When the curve of longer radius is nin 
first, and the tangent souglit is inside of 
the first one. 
If we suppose the first branch, a b, of the curve, to 
be extended forward to a point, t, where it would be tan- 
gential to j (', parallel to the two tangents, c n aud /wi; 
then: 

Case 1, as in our figs,, is when j v and fm are on tlie 
same side of en; and 

Case 2 is when j v and fm are on opposite sides of c n. 

Remark.— In Case 1, tlie tangent /m sought, must lie 

between tlie first tangent c n and the tangent j t> to tlie first 

branch extended. Otherwise this problem does not apply, 

and the radii must be changed. 

Both our figures illustrate Case 1, but by cliaiiging the 
lelteriug they can be made to answer for Case 2. 

In both figures we have denoted equal angles Ity the 
anie letter, without reference to their jxisitjou iu tlie figure. 
Rule, both iu Case 1 aud iu Case 2. 
ht. From the Table, p. 170, take the versed sine of the 
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oentral angle, g, subtended by the second branch, 6 c, as 
first run. 

2d. Measure on the ground the distance, r s, at right 




angles between the tangents c ji and Jm. Divide r « by the 
diflereuce, </ o, between the radii. Call the quotient .— . 
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3d. Find the new eeiitral angle, e, for tlic second bi-anch, 
kf, by means of its versed sine, whieli is equal 

in Case 1 to the vei-sed Bine of 7 minus -;- ; and 
'' do 

in Case 2 to the versed sine of g plus 3—. 

Remark. — If, in Case 2, this snm exceeds 2, cither the 
radii or the starting-point, a, must be changed, and this 
problem does not a]>ply. 

Remark. — EitJier of the two angles given by the table 
for & versed sine, found as aixive, may be taken as e.; but 
the one nearest equal to^ will give the shortest distance 
to run backwai-d or loi-ward from 6. 

4th. Now, as the tangents c n and/m are ])arallel, the 
totfil central angle will be the same after tlie change as 
before it. In other woitls (ir -|- f) will beoqnal tQ{j/-\-ff), 
In order to bring this alMiut, wo must increase y just as 
much as we dimiiiish g, and vice versa. 

Therefore, find ie, whicli is equal to the difFerenec Iw- 
tweeu g and e, find the nmnber of choi'ds in 6 A, which is 

chord-defl. angle of first branch nb' * 

ofi" this number of choi-ds, /oncorc? \i' g is greater than e, 
bcwhmtti if e is greater than g. 

Remark. — If, in going bncheard fi-om 6, we find that 
X exceeds y, we must cliauge the radii or tlie jinint a. 

Example. — Case 1. Suppose a 2° curve (radius 2865 
feet) followed by a 3° one (radius 1910 feet), tlie second 
branch having a central angle of 36°. It is required to 
sti'ike a tangent 20 feet ovimih the present one. 

Here, versed sine of 36° minns 57}^ — s — ,.. ,-.,-, = 
difi. of i-adii (955) 
versed sine of new central angle. 

Of, -1910 minus -0209 = -1701 = versed sine of 
ZZ" 54'. 

And 36° — 33° 54' is = 2° 6', which is = lylin fliorda 
of a 2° cur\'e. Therefore go fonranl lyyj clionls from b, 
with fii-st railius a o, to k. 

Case 2. Supixwe u 2° curve followed by a 3° one ; 
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ceuiral angle of Beaiiid branch 36°. It is required to 
strike a tangeut 20 feet inside the preseut one. 

Here, vereed eine of e^versed aine of g plui -j- ^= .1910 

+ ~ = .1910 4- .0209 = versed sine of 38°. 

955 

Ana^ — e=38' — 36'z^2^=lchordof aa" curve. 

Therefore, go back 1 chord from i with first ratliua, « o, 
to A. 

DEKOXSTRA TION 

of Case 1, by Figs. 41 and 42. 

From c, where tlie old seoond branch, b c, joins its tan- 
gent, c n, draw c I parallel \a do, the difference lietwecn 
the radii, and evidently equal to it ; thus making c 1 1 equal 
to ^. Ab c r is perpendicular tooi, riia = doX versed 
sine of _9. 

From/, where the new second branch, kj, joins its tan- 
gent, /m, draw/^ parallel and equal to o i, and equal to do. 
Then vn\lflt be = e; and s^ will be :^ do X versed sine 
of e. Now g t i8^=ri — r n: iu other words, (d o X 
vei'sed sine of e) is = (do X versed sine of ^) — re. 

Hence we have, aa in " 3d" of the rule, 

Versed sine of e^ versed sine uf y — ^. 
ARTICLE XXXIII. 

Having from b or d run a curve, b x o, or d y t, J^s. 43 
and 44, of known radius, and central angle, b c O or 
d n t, we imsh to change the radius, no that (he new curve 
skaU, at its middle point, x or y,bea given disianee, x y, 
fr-om fhe old one. 
Required the new radius and b d. 
Case I, Fig. 43. When the central angle is less than 

180'^. 

A. — When Hie outer irurcc, b x n, lni« bvm run first. 



2d. Find ax = ac — red, b e, 

3d. Find ay = ax -\- given distance x y. 

4th. Find new radius, dn, thus: 

axx ay •.•.iAA rad. 6 c : new rad. d n," 
Sth. Find bd~ {dn — 6 c) X tangent of b c a.f 
Ex&mple. — Let rad,, be, of the curve, bxo, first mu, 

be 300 ft.; the central angle, bco^= 100"; and the given 

''■■^—~-i,xy= 80 ft. 
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Then we have, 

lat. ae:=ra(liuB &c-7-coeine of 6ea = 
= 300 H- .6428 = 466.7 ft. 

2d. ax^ac — 6c = 466.7— 3 

3d. ay = ax-\-xy= 166.7 + 8 

4Hi. ax-.ay :: 166.7: 246.7 : 
rfB^444. 

5th. bd = (dn—be)X tang, tea = en X tang. 50° = 
(444 — 300) X 1.19175= 144 X 1.19175= 171.6 ft. 

B. What the innw curve djl hag been run firtL 



00= 166.7 ft. 
= 246.7 ft. 
: be : dn :: 300 : 444. 



JtULB. 

h cosine of 



2d, Find a y=^ a ft — dn. 
3d. Findax = oy — xy. 

'Because liy mnilor IriaDgles, an ai i ay tt ab sad; nnd aa 
ab t adit be : iJn. 

t BecauBe ad m =d n X lanp- of d n u or ft e u; and a 6 ^ 6 e X 
taag. olbca; and db = ad — ab = {dn — 6 c) X '■""g- of i«(L 




Rulfl. — Subtract the central angle 6 c o, or dnt (enb- 
tended by the curve), from 360° ; and uae tlie remainder 
(which will be our " aulistitute angle," or 
the smaUfr angle boa or dnt) a& a. sub- 
stitute for it J proceeding precisely an in 
the forgoing A and B, with the follow- 
ing exceptions : 

(A.) When the outer curve, hxo, has 
been run first, 

a X will be = a p/ws b e; and 
a If will be =; fi a: minus x y. 
(B.) When the inner curve, dy(, haa been run first, 
ay will be^ an -plus dn; and 
a X will \ic = ay plus x y. 

Remark. — Fig. 45. When the central angle Is precisely 

180^; it is evident that the i-adiuw iviiiaiiis uiicliaiiged, 
aud tiiat the di^t bilSu^ xy. 
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ARTICLE XXXIV. 

To fiwl what radius, ac, J'^igs. 46 and 47, a cirvc a z, 
starting ut u, must have, and how many chords it must 
run ; in. order to pass through a point z, at given dia- 
tances, w z, at right angles to the tangent b a ; and f 2, 
or av/,ai right angles to a f ; in front of a, Fig. 46, or 
behtTid a, Fig. 47. 

Rule. — Divide wz hy aw. The quotient will be the 
tangi'iit of X, From the table, p. 1 24, take x,* aud multi- 
ply it by 2. The pitiduct will lie the centi-al angle (. 
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Then radius a c is =; 



And- 



angle (. 



siue of ( versed sine of I 
^ number of cliords of 1 



chord-def. angle 

from a to 2. 

ARTICLE XXXT. 

To jind how far aw, Figs. 46 and 41, from w to Hart a 
eurve liz of given radius, ac, in order to pass fhrowgh 
a point f.,aia given distaiioe, w 7., at rigid angles to (Ac 
tangent ba; in front of a. Fig. 46, or behind a, Fig. 47. 
Rule. — Divide w a by the radius n c The quotient will 

be the versed sine of central angle (. Fii>iii tlie table, 

p. 170, take tlie angle (. f 

Then « (p ^: rad, a X sine of (. 



* In Fig. 47 lake Ibe (abuUr x fn>m 18 
t In Fig. 16 I is ilie loner of the iwo ai 
47, tbesftatar. 



nFig. 




ARTICLE XXXVI. 

To Jtnd how far, v/ z, Mgs. 46 and 47, aattrve, a7.,qf fflven 
radixui, ac, will be from, and at light angles to ila tan- 
gent, b a, after running a given nwrr^er of chords. 
Rule. — Multiply the chord-deflection angle by the given ' 
number of chorus, Tlie quotient will be the oentraJ an- 
gle /. 

Find the versed sine of t, in table, p. 170. 
Then w z is ^^ radius a o X ver. sine of (, 



ARTICLE XXXVII. 
To Pass or Clear Obatacles. 

Mode I, Fig. 48. Suppose that in running a straight 
line from a towards b, we meet with an obstacle, o, which 
may be a deep pond, or a building, etc. To pass it, at any 
convenient point c in the line a b, lay off an angle c of 
60°, thus sighting along en. 
From o measure c n sufficiently ^ ^ 
long to clear the obstacle. Re- 
move the instrument to n, and 
lay off another angle of 60°, 
thus sighting along n e. Make 
n e as Toag as c n. Then e will 
be in the straight line ab; and 
its distance from e will he equal 
toonoDie. From e take sight at n; layoff tlieangleneo, 
60°, or the angle neb, 120°, and then the telescojie will 
sight along the line ab, which we are running. This is 
perhaps the neatest and most expeditious mode of pro- 
ceeding in such cases. 

Remark. — If any other angle than 60" is used at o, 
then the angle e must be made =: c. The angle n muBt 
be made =; {180° — the sum of o and e), and the dis- 
tance, c e, will be ^ <! n X 2 X cosine of e. 

Mode 2, Fig. 49, At times this may be found more ap- 
plicable than Mode 1, although a little more troublesome, 
as it requires foiir angles of 90° instead of three of 60°. 
Running from m towards r we have to clear tlie obstacle 




TO PASS OR CLEU^ OBSTACIJB, 

d. At any convenient point o on the line m r, lay off the 
angle 90°, thus sighting towards v. Measure off any dis- 
tance V sufficient to clear the obstacle. Move the instni- 
ment to v, and make the angle 
at V 90° ; thus sighting along 
vw. Measure V w> long enough 
to clear tlie obstacle. Move (he 
instrument to w, and lay off the 
90°, thus sighting along wa. 
Make w m as long as o v. Then 
8 will be in the straight line mr; and its distance froni o 
will be equal to w w. Move the instrument to s, and lay 
off the angle to8oorwsr= 90° ; and then the telescope 
will sight along the line m r whidi we are running. 

Mode 3. — By long chords, Fig. 50. Having run a 
curve from a to d by tangeutial angles oac, catf, and 
with 100 ft. chords 
ac, cd, we find that 
an obstacle prevents 
our sighting to e. In 
that case we omit , 
measuring the two 
chords d e, ef, and 
leaving e to be fixed np 
by some other proe- 
ees, we go on to /, 
thus: Lay off the tangeutial angles dae, eaf, as if no 
obstacle existed ; and sighting along «/, make it a long 
chord corresponding to four stations, ac, cd, de, ef, and 
to the radius of the curve, as per our Table of Long 
Chords, p. 58. 

Op, after sightii^ from a to /, measure from (i to / a 
long chord d/ (not shown in the fig.) corresponding to two 
stations de, e/, as per the same table, fixing the end/ by 
the instrument at a. The curve may then be contmuea 
from/ by tangential angles, /«//, etc., and 100 ft. chonis, 
fg, etc., as at first. 

Mode 4. — To carry either a tangent, 6/, Fig. 51, or 
any curve (whether simple, compound, or reverse), past 
an obstacle o. 

Running a line from k we meet the obetjicle o. To jass 




TO PASS OR CI.EAR OBSTACLEB. 

it, select any point, a, in the line (which is here a curve), 
as near as convenient to the obstacle. Knowing the dis- 
tance, a 0, in chords, find the central angle, x' ^ number 
of chorda X chord-deflection angle. 

Find the apex distance, a b or ob ^ radiiis c re X tan- 
gent of" haff^ x'. 

Place the instnimeut at a; lay off a tangent ab; upon 
it measure off the apex distance a £ ; and drive a stake at &, 

Then i is a point in the tangent 6/. 




Remove the iustniment to h; take sight on a, and lay ' 
off the angle x ^ x' . Revolve the telescope, therel^ 
sighting in the direction of the tangent bj. 

lay off, on either side of 6/, any angle c (which had 
better, if possible, be juat 60°), and any measured distance, 
6 A, that will serve to clear the obstacle. Drive a stake , 

Remove the iustmment to A ; take sight on b ; revolve 
the telescope ; lay off the angle 2o ^= twice c, thus sighting 
along A/. 

Make A/= b A, Drive a stake at/, which will tlien 
be a point in the tangeut bf. 

If the angle v has been made 60°, /i will be =: A/ or 
6 A; otherwise we mnst calculate / b, whicli is ^= i A X 
cosine of » X 2. 

Remove tlie instrament to/; lake sight on A, and lay 
offthe angle «'—r; tliereby sighting along the tangent/o. . 



Now, if the carve ends at o, this tangent is, in itself, all 
we want ; but if the curve {either simple, eomjmund, nr 
reverse, as represented by the three curves beyond o) is to 
be continued beyond o, we proceed in either of the tliree 
cases, and by the same process, first, to find a point in tlie 
curve l>eyond o ; and then to run the curve in either or 
both directions from that point. For illustratiou we shall 
select the curve o t, and show how to find a point, g, in it. 

On the tangent/6 take any convenient point, as/, at a 
known disfanef;fo, from o.* Divide this/o by tlie radius, 
o s, of the curve to be run. The quotient will be a natural 
tangent. From the table take out the angle corresponding 
to it. Multiply this angle by 2. The product will be 
the central angle, m', of the part curve, oeff. Place the 
instrument at /; lay off m (:^ m') thus sighting in the 
direction /(/; and make fg equal to the known distance 
Jo. Then is 5' a point in the curve; and /g is a tangent 
to the curve at g. Hence it is easy to run the curve in 
either direction from g. 

Mode 5 aewomplishes all that can be done by Mode 4, 
even in case some oljstniction, as the river in Fig, 52, 
should prevent our making use of the apex point, b, so 
essential in that Mode. TTius if, when running from k 
towards /, we meet an obstacle, o, we imagine a stake, /, 
to be driven on the tangent, ai a given distance, Jo, from 
and beyond the obstacle, such that / could be seen, and 
aj meagiired. from a. We then calculate the angle b a J, 
and the distance a J, both of which being laid off from a, 
plainly enables us to place an aebial stake,/, in the tangent. 

In the first place, t<» find the angle b a J, knowing the 
length in chords of tlie part curve, a c o, we can find its 
central angle, ir, and its apex distance, b a or bo; also 
the angle ab/= 180° — x. Therefore, in the triangle 
u hj, we have given two sides, a h and bj (the last ^^ 6 o 
-f- the given distance, /o); and the angle a bJ; to find 
the augle 6 a/ and the side a J. 

Now we know tlie sum of the two angles b aJ and bja 
to be ^ 180° — a bJ. Call this sum a ; and call their 
nnknowu difference, d. After finding '/, then half of » -|- 

• If we select the point/, jiral foiimi, we know ihnt/o ia^/6 — ob. 
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An//" of rf will equal the larger angle {b a/) ; and Are//" of 
8 — half of d wiJI equal thcsnialkraaeilifa), which also 
will be needed after fiudiug/. 

Now to find d, we use the well-known trigonometrical 
rule, 
Bum of the two . Their 

given sides ' difference 

Having iu this way found the angle b af, find tlie dis- 
tance af, by anotlier familiar trigonometrical rule, 



Sine of b/a, 
opposite the 
givcu side, a b 



Bine of a bf, 
opjiosite the : 
rcqd. side, af 



. Thoreqd, 
' Bide, nf. 




Having found and measured off the distance, af, and 
driven a stake at/, move the instrament to that [Mint; 
take sight on a, and lay off tbe angle bfa. The telescope 
will then sight along the required tangenf,/6. 

From auy point on tliis tangeut any kind of curve may 
be commeneed, if rt'(iuii-ed, or may be eoutiuned from the 
point o, as in Fig. 61, Mode 4. 
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ARTICLE XXX7III. 

Tlie object in easing off the ends of curves, that is, in 
gradually increasing the radius uear the ends, is to enable 
trains to leave the straight line less abniptlj, and thus to 
reduce the momentaiy ^W so commonly felt at the iostant 
of entering a curve, especially when of sliort radius, and at 
higli speed. This jar, which is not ouly unpleasant to pas- 
sengers, but damaging to engines and cars, is owing to the 
flanges at first atj'iking an obtigue blow against the outer 
rail of the curve. After this blow has been struck, the 
subsequent steady pressure against the outer rail is com- 
paratively harmless; and indeed may be greatly increased 
by a gradual sharpening of the curve, without any repe- 
tition of jar. 

The great ix>int, therefore, is to cany the train from the 
stmight line to the sharpest part of the curve, with a 
BUadiii) iTicreastTig pressure, and without jar. 




The ^vriter believes that the following simple process 
will be found to answer sufficiently well in practice, al- 
though many may consider it veiy crude m theory, inas- 
much as it always gives the same distance for ejecting 
tlie change. 

Its execution in the field is extremely simple, which ib 
an important point in such matters. It applies to the 
sliai'pcst cur\'e that can be traced witli 100 it. cliords, as 
well as to the flattest one in which easing off of the ends 
will be at all likely to be considered expedient; say one 
of from 3,000 to 4,000 feet radius. 

Rule.— Lot .TTi, Fig. 53, be part of the cur\-e; and xb 
its tangent. Divide the chord-deflection distance (Table, 
p. 18) by 10. The quotient will ha ex. Set every etakt 
of the entire chitc iiifl'ard this distmice, ex, m that the 
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curve shall be removed to e a.* The radius of the curve 
is thus evidently shortened to the extent of ox ; but this 
is of no importance. From x meaaure on the tangent 100 
feet to 8 ; and from c raeaiure 50 feet to the curve at o. 

Ether stretching a piece of twine from » to o, or rang- 
ing along s o with the transit, lay off the 1 1 equidistant 
ordioatcs, if for rail laying; or only the middle one (6), or 
it and the two quarter-way ones (3 and 9), if for grading. 

Sinee ^« is always 100 feet, and co 50 feet, the dis- 
tance apart of these 1 1 ordinates will always he nearly 
12-5 foet. 

The ordinates themselves in feet are found for i 
curve, by multiplying ea: by the following 

KULTIPLIE&S. 



Ord 


■180 


4 


■645 


7 


■973 


Ord. 

10 


Mu.t. 


1 


■715 


2 


-355 


5 


■775 


8 


■990 


11 


■430 


3 


■505 


6 


■BIW 


9 


■905 







Example. — Let a: n, Fig. 53, be part of a 6° curve, or 
955-4 radius, and ars its tangent. Its deflection distance 
(Table, p. 20) is then 10^47 feet ; one-tenth of which, or 

1'047 feet, is ex. Move all the stakes of the entire curve 
inward 1'047 feet, a** along coa.f From a; measure 100 feet 
to s; and from c mea.'^ure c o, 50 feet, to the curve ; driviug 
stalces at * and o. Multiply ex, or 1^047 feet, by the 
above multipliers; thus finding the following 11 ordi- 
nates, of which lay off as many as ai-e needed. 

'Or, which would be muoh better, the curves maj be traced in- 
side of llieir taiigenla during tlie definite location, thus avoiding the 
neceseit}' for removing them, or for sliertemng the radius. 

fThe table of ei- in feet below shotrs that even ver/ sharp eurvee 



e moved inward but a short diHt 





Rfld 


ex 




Rod 


ex 




Had 


ex 






















Feet. 
303 


s-so 


ft}o" 












ISO 


fiflfi 


1-44 


40 


1433 


■70 


u 


410 


2-44 


7 


KUt 


1-22 


3 


1910 


■52 


% 


499 


2-00 


SI 


997 


^■m 


2 


2HftS 


-35 


604 


1-66 


1907 


•83 


1 


5730 


■17 
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0,d. 


ord. 


Orrt, 


Onl. 


l.=-188 
2.= -372 

3.=-r>29 


4.= -675 
5.=-8H 
6. =-932 


7.= 1021 

a = 1-037 
9.= -948 


10.=-74!1 
ll.=-4fiO 



AETICLE XXXIX. 
Resiataace of Cnrres. 

The following will merely give some genoml idea of 
the principlcH involved in investigating tliis nioet intricate 
and practk-aUy wnxoltxihle subject.* 

The resistance which curves oppose to the passage of 
trains is influenced by many circumstances : such as tlie 
velocity; radiua of the curve; wind; diameter of tlie 
wheels ; shape of the wheel-treads, whether more or less 
conical ; by the distances apart of the several pairs of 
wheels; by whether the cars are empty or loaded, for 
an empty train oSera greater resistance than a loaded one 
of the same weight ; by the kind of coupling ; by the width 
of track ; its condition ; the degree of elevation of the 
outer rail; the length of the train, for a long train expe- 
riences proportionately more resistance than a short one, 
owing to the obliquity of the traction, etc., etc. From the 
want of sufficient experimental data, the subject is but 
imperfectly understood, and consequently all calculated 
results are more or less liable to error. Our own opinion 
is that the resistance has been usually underrated. So far 
aa we can judge from the incomplete and eontradictorv' 
experiments and observations that have been retarded, 
we are inclined to believe that at the speed of about 25 
miles per hour, on a track in good order, and with trains 
equal to from 6 to 10 eight-wheeled cars, we may assume, 
as a rough approximation, that a level curve of 400 feet 
radius will oppose a resistance of about 15 lbs. for eveiy 
ton weight of the train, in addition to the resistance on a 

*Of late vearg much has been written on the snbjei^t of the influ- 
enpe of ciirvea and gmdes; by none more ablirthnn by Mr. Arthur H. 
Wellinftton, Civ. Enc., Ui whose " Economic Tlieory of Ibe Location 
of RailwBVB," publiHlied by tlie " Raitroiu] Gaielte," 73 Broadway, N. 
Y., we refer those detiiring information. 
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level straight line. On a level straight line, in good order, 
and ill calm weather, the resiatance at 25 miles per hour 
ia about 12 lbs. per ton. On these aasumptionSj tiierefore, 
the total resistanee on a level curve of 400 feet radius, at 
26 miles per hour, would be 27 lbs. per ton, or 2J times 
S8 great as on a straight line. 

Now, the assume*! additional 15 lbs, per ton, due to 
curvature, or deflection, alone, without any regard to dis- 
tance, is the Tjgi irart of a ton ; and the ^ig^, part of a 
mile is 35'36 feet ; being that grade, or incliuation, which, 
by the principle of the inclined plane, increases the graviiy 
resistance- of a ton, or of any other weight, the jjjj, part. 
Therefore, our ascribed resistanee for a radius of 400 feet, 
at 25 miles per hour, is equal to that of an uj^rade of 
35-36 feet per mile ; or, -670 of a foot per 100 feet. If, 
lu additioDj we assume, as is usoal, but probably incorrec% 
that at the samo speed the resistance of cur\'es is as the 
tabular angle of deflection, or inverseli/ as the radius (al- 
though some experiments seem to show that the inci'ease 
is much more rapid), we arrive at the results given in the 
following table ; and which are probably at best but rude 
approximations. They are about oue-aixth pai-t greater 
than our suggestion for reduction in the Table on p. 95. 
Which is ueai-est the ti'Uth, we are unable to say. 
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TABLE OF RESISTANCES 



For the laliil approiiniale resistaiiL'e, add 12 lbs. to eodi amoun 
Ihe third railunin ; 28*4 feet to each grade per mile ; aud '53S of a 
111 each grade per 100 feet. 
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Ms 




J 

1 


Vet. 


ill 

Ml 


Eqiiiralenl 


1 

i 


■S' 


III 


EqulTBlent 






























F«t. 


D. M. 


Pds. 


mile. 


00 n. 


Feet. 


D. M. 


I'd.. 


mHe. 


100 ft. 


400 


14 22 


16 


36-36 


■670 


2400 


2 23 


2^5 


5-88 


■112 


600 


11 30 


12 


28-2fl 


-536 


2600 


2 12 


231 


544 


■103 


600 


9 34 


10 


23-57 


■447 


2800 


2 2 


2^14 


5^05 


-098 


700 


8 12 


8-57 


5021 


-383 


3000 


I 54 


2 


4-71 


■089 


800 


7 13 


7-5 


17-68 


■335 


3200 


I 47 




4-42 


■084 


900 


623 


6'66 


1572 


■298 


3400 


1 41 


1-76 


4-16 


■070 


1000 


543 


6 


14-14 


-268 


3600 




1-67 


3-98 


■075 


llOO 


6 12 


5-45 


12-88 


■244 


3800 


1 30 


1-58 


372 


1)71 


1200 


4 47 


5 


11-78 


-224 


4000 


1 26 


150 


854 


■067 


1300 


4 25 


4-64 


10-SI4 


■208 


4200 


1 22 


1-43 


3-38 


-004 


1400 


4 5 




10-11 


■192 


440( 


1 18 


1-36 


3-22 


-061 


1500 


3 49 


4-02 


e-48 


■180 


4600 


1 15 


]'30 


3-08 


■ft58 


1600 


3 3S 


3-75 


8-84 


■168 


4800 


1 12 


1-25 


2-94 


•056 


1800 


3 11 


8-33 


7-S6 


■149 


6280 


1 5 


1-14 


2-68 


■051 


2000 


2 52 


3 


7-07 


■134 


5730 


1 


105 


247 


-047 


2200 


2 36 


2-72 


6 43 122 


6000 


57 


1 


2^36 


-044 



For ease of recollection, we may, according to this, con- 
sider the resistance of curvatuin alone, at 25 miles per 
hour, as about 1 lb. per ton for each degree of chord 
deflection angle. If, on ascending grades, we wish to 
equalize the traction on carves, and on sh-aight lines, for 
a speed of 25 miles per hour, we must flatten the grades on 
the curves at the rates given in the last two columns. But 
since the resistance of curvature is affected by the velocity, 
it plainly follows tliat the flattening which is Itest for fast 
paieenger trains, cannot also be best for slow freight; 
so that, even if we coidd determine a precise law of i-e- 
sistance, we could not so apply it as to suit both. So far 
as we are aware, there ai-e no absolutely reliable data ou 
the additional i-esiatauc-e of eui-ves at different speeds. 
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Some liave supposed it to be independent of the veloci^; ] 
bat it has generally been assumed to iTiereasc in some 
proportion to it; but Mr. Wellington found "that the 
additional resistana; of a 1 ° curve is over 1 lb. per ton 
(2000 lbs.) at a velocity of 12 miles per hour, and rfe- 
creasea to about J lb, per ton at a velocity of 22 miles per 
hour. The reaistauce of an 8° curve was over 8 lbs. per 
ton at a velocity of 9 miles per hour, and decreased to 
about 6J lbs. per ton (probably) at a speed of 19 miles 
per hour." 

These iinexpected results are in accord with Professor 
Thurston's discovery that journal frictiou decreases at high 
velocities. 

On the Pennsylvania R. R. the grades were originally 
flattened on cuires, at the rate of from full 1 foot per 
mile, on moderate ones, to 1 J foot on the steeper ones, for 
each 1 ° of chord deflection angle of the curve ; but ex- 
perience on that road at speeds less than 25 miles per hour 
showed this to be too little. 

Perhaps until we can ■miih certainty do better, we may, 
for any velocity, reduce the grade oo curves at the rate 
of "04 of a foot per 100 feet (2'112 ft. per mile), for each 
degree of chord angle of deflection (p. 18), as shown in 
the last two columns of the fbllowing table; or about 
one-seventli part less than in tlie preceding one. 

Remark.— Since the reduction of grade is often difBcult 
to accomplish without much expense, it seems scarcely 
woith while to do it at all in such cases (or indeed in 
others), except when, without it, the curves would tax the 
power of the locomotives unduly. 

TABLE FOB THE REDUCTION Of GRADES ON CTTR7E8. 



\ 


5780 
K39 




101 ft 

■04 

■08 

-16 
■20 

■32 


12 


am. 

478 
3.^9 


23-232 
2.V8M 


- 


^ 
M 


K 


820 
3S8 

2ei 


40'i2a 


■68 
■76 

■88 
■M 



Ramark. — It is plain that, when the gi^ades are very 



HESISTANCB OF CDHVES. 

iiKMlcrate, and die curves at the same time shaqi, the 
grades cannot be reduced sufficiently to compensate for 
curvature; so also when the road is level. 

Maiiy of the principal railroads, both in the United 
Stat<s and in Europe, have some curves with very small 
radii. On the Pennsylvania R. R. are several, of from 
637 to 717 feet radias. The Reading has several of 800 
feet. On the New Jfirscy Central is one of 400 feet On 
the Baltimore and Ohio are many of from 400 to 600 
feet. On all these roads, however, the curvature is bein^ 
reduced at heavy expense. On the Lehigh Valley road 
is a eur\-e of nearly a semicircle, the ends of which have 
radii of 717 feet, dience gradually decreasing both ways 
toward the center, where it is only 369 feeL About half 
this curve has a grade of JO feet per mile, and the other 
half has 30 i'eet; botli in tlie same direction. Descending 
trains of 110 four-wliccled loaded coal-cars (900 tons in 
all) have no difficulty in passing the curve; but if the 
empty trains stop on ascending, they frequently have great 
trouble to start again, and then resort to sanding the rails. 

On the Mahanny and Broad Mountain road, tank en- 
gines of 35 tons, all on S-drivcre, diaw 40 empty coal-cars, 
weighing 100 tons, up a continuous grade of 175 feet to a 
mile, for 3J miles, around an almost constant encceseion 
of curves of from 450 to 600 feet radius, at 8 miles an 
hour, as a regular business. 

When the radius in lew than alioiit 1000 feet, the width 
of the track should be slightly increased, othei'wise the 
wheels of the train are apt to bind between the rails and 
break. About an inch will answer for this purpose on a 
curve of 400 feet radius; | inch for 600; J inch for 800; 
J inch for 1000, as a purely empirical approximation. 

Curves are psjtecially objectionable in dec]) cuts and on 
steep gi-ades. In tlie former they prevent the driver from 
seeing ahead ; and when descending the latter tliere is 
greater danger of leaving the track, inasmuch as the speed 
of the engine is not under as iwrfect wjntrol ; esiKtially 
witli slip|)eiy rails. 

The coning of the treads of the wheels tends theo- 
retically to diminish the rcHistonce of curves, by virtually 
eulai^ug tlie diameter of tlie outer wheels to a d^ree 
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commensurate with the f;reater diafaiice they have to travel 
along the outer rail. The elevation of the outer rail, 
hy couutera«liiig tbo wiitrii'iij^iil Un-tx, Btil! furtlier re- 
duces the resistance. But uiiturtuuatcly tlicsc a.it\a cannot 
be so applied as to suit the ditterent velocities of fast 
anci slow trains. If, as is always done {with a view tvl 
tlie safety of irassengers), they are adapted for fast traiii%'i 
then they pi-oducu au opposite efiect upon the slow ones; j 
whieh, for waut of sufficient centrifugal force, slide iltuvn: 1 
the inclined plane formed between tiie two rails, until tha I 
lo^ver fiauge» rub against the inner rail. When tliis takes -i 
jilaee, the inner wheels not only have a less distance to 1 
travel than the outer oucs, but, theh- diameter becoming j 
enlai^ed, they must evidently slide, as well as revolve, in 1 
oi-der to keep pace with them. Tliis sliding produces a 1 
dangerous twisting, or toi'sional, strain upon the axles, i 
I'endenng them liable to bi-eak, especially if the cars are \ 
heavily loa<led. j 

Moi*eover, even wlicu the coning of tlie ti'eads enables j 
tlie cars to rau more easily an»uud cnrvex, it adds to the | 
i-esistonce upou slraig/U Ihien. Inequalities of the track ' 
then cause the train to run in a zigzag line, pressing the 
flanges alternately against the opposite lines of rails. On 
this act^uut tlie coning lias of late yesirs been much re- 
duced, until at |)reacnt it I'ai'ely exceeds 1 iu 20; and ou 
some of our princijuil i-oads it is but 1 in 50, Finally, 
the cone is soon worn off by use, and the wheels become 
cylindrical. 

AKTICLE XL. 
On the Elevation of the Outer Rait on Curves. 

When a train is going around a cur\'c, the centrifugal 
force throws it outward against the outer rail ; and this 
force increases dired/.y as the squai-e of the speed, and iiir- 
vei'sdy as the radius. To counteract it, an inward tendency 
is given to the train by placing it, as it were, upon an inclined 
plane fonned by raising tlie outer rail above the inner one. 

It is evident that theoretically eai-h velocity requires its 
coiTespouding elevation ; but iuasmucli as this cannot be 
effected iu pra<!tioe, the elevation is proportioned to the 
gi-ealest pi'ol»able 8j)eed, in order to secure the safety of 
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poSHengers. Slow freight trains will tlieu slide ftoiint the 
inclined plane; and the flanges of their wheels will nib 
against the inner rail, and wear it more rapidly than the 
outer one ; but this must be submitted to. 

On the other hand, a great elevation of the outer rail 
causes the cars to lean sideways to a degree that is dis- 
agreeable to passengers; and liable to displace freight. 
Therefore a limit of about 6 Inches on 4 ft. 8J in. gauge 
is usually assumed as the greatest elevation to be given in 
any oase; and where the curves are so sharp tbat this is 
not enough for safety at great 'speed, orders are given to 
diminish the speed. This would answer very well if the 
orders could always be enforced ; but as this cannot be 
done, it involves an element of danger that can be averted 
only by the adoption of easy curves. 

Either of the two following formulas gives the elevaiionn 
in the next table. Both might be greatly and uselessly 
cnmplicatisl by admitting the coning of the wheel and 
other cousidci-ations ; but, these refinements may safely be 
discanled. 

p. ,. S<|uare of speed gauge 

Formula I.— . ."^ , " ^ iu feet per second in inclies 

in inches ^=-;. — . - > ^ ,, on o " ' 

Radius in feet X 32*2 

tSiuare of speed gauge 
Formula 2.—.^'^."'';''" = iu miles per hour ^ in feet 
in inches — rr -,— ^-i — ■ . .., , os ' " 
Kadius m feet X 1'25 

The common gauge of 4 ft 8^ ins. is equal to 4'7083 
feet, or to !iii-6 inches. 

Remarks. — While speed was restricted to about 35 or 40 
niilts yK'.r hour, the nile of thumb, of half an inch ele- 
vation for each degree of cliord deflection angle, seems to 
have luiswerctl very well, although but half of whattiie 
fomiulas require, as seen in our table, in the I'olnmn for 
40 miles sjjcetl. But of late years this has, on many lead- 
ing roads, been iucreased to 1 inch per degree of chord 
deflection angle, to meet the increased speeds of 50, 60, or 
more miles per hour, which are beeoming not unfretiiient ; 
more than SO have in fact Ix-rn a.x'ompli^h,-*!. The 
maxinnim elevation, however, b still liiuitttl to al>oill (i 
inches on 4 ft. 8J in. gauge. 
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It will be seoD that on any curve iu nnr table (from 1° 
to 40°, or from 5730 to 146 ft. radius), tljo rule of 1 inch 
per d^ree is safe at a speed of nearly 40 miles per hour ; 
but that after 6°, or with less radius than 955 feet, the 
above limit of 6 inches is exceeded. There can, however, 
be no doubt that where the elevation has been but J an 
inch per degree, trains have daily travelle<l curves at 40, 
and, perhaps, at times, at 50 or more miles per hour; and 
that even where there was no elevation at all, but where 
the formulas call for about 3 to 3J inches, as on turnouts 
of only 700 to SUO ft. radius, tliey have habitually run at 
25 or more miles per hour. 

These facta, however, do not invalidate the priuciple of 
the formulas. 

Our following table indicates diat at 1 inch per degree, 
with a limit of 6^ inches total elevation, a 1° curve would 
besafeat lOOmiles auhour; a 2° oneatTO miles; a3°one 
at near 60 ; a 4° one (1433 ft. rud.) at 50 ; a 6°one (955 ft. 
rad.) at 40 ; and a 10° ono (574 ft. rad.) at full 30 miles. 

Our table is for the standard gauge of 4 ft. 8 J ins.; for 
greater or for less gauges tlie elevation will increase or 
diminish directly ^ the gauge ; thus maintaining the same 
i-ate, ur anj^lc nl' I'lcvation in all cases. 

The elevation must, of course, be made gradually. 

When the curve is uniform, that is, when its ends are 
not ea^ed off by larger radii, it is usual to begin the rise 
of the out«r rail at a distance of from 50 to 100 feet back 
on the straight line, for each inch of elevation. Thus, for 
6 inches elevation, some engineers go back 600 feet, and 
others but 300, and rise gradually until the entire elevation 
is attained by the time they reach the P C, or beginning 
of the curve. 

But if easement curves are used at the ends of the main 
one, the elevation is licgun at the beginning of the easement. 

The writer believes that even 50 feet |)er inch of ele- 
vation is more than is riecessaty. In his suggestion, p. 90, 
for using easement curves 150 feet long iu all cases, if 
the elevation begins with the easement, it ^rill (for a speed 
of 60 miles per hoiu") vary between 2'37 inches in 150 
feet on a 1° curve (5730 ft. rad.); aud 6 inchtw in 150 
feet on all curves of 2|° or more, supposing 6 inches to 
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be the limit. This last is nqual to 1 inch in 25 feet, or to 
II grade of 17'6 feet per mik', wliieh the writer ainiiot 
n^rd as exeoaaive, especially wheu the grades are reduwd 
for curvature. 

In the Wharton Safety Switch, as it has been hiid fur 
many years on a number of our main lines, tfiere is an 
elevation of 2J ins. in a distamxi of only 4 feet ; or at the 
rate of 15-6 ins. in 25 feet; or 275 feet per mile. This 
sudden rise lias since been reduced to If ins., or still nearly 
11 times our maximum rate. 
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the elevation may be conmicn(«d 50 or more leet fartlicr 
bat'Jt on tlie tangents of such curves as retjuire more than 
say aixtut 4 inches elevation ; and without any change in 
the easement cur\-aturc itself. But, as beforo remarked, 
the writer dties not himself consider this at all neeesaary ; 
tlie main point being, in his opinion, to enter the easement 
curve without jar; and then to maintain a gradually in- 
creasing outward pressure (insensible to passengere) until 
the main curve is reached. He Ijelieves that by the fore- 
going method tlicse desiderata will be secured, at least so 
far as practical considerations may call for. 
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lOZ EQIIATHIX OF Clf ItVATtTIlE. 

ARTICLE XLI. 
Equation of Carvatttre. 

Thifi cousists ill ascertaining what amount of sfrniffhi 
didanee. produces an Gxpen<littir»! of motive power equal to 
that produced by a ^iven amount of curvature, say 1°, 

There is a certain amount of resistance encount«red by 
trains on a straight line; and the overcoming of this re- 
sistance costs money, not only for motive power, but for 
repairs of engines, cars, tracks, bridges, etc. But if that 
identical piece of straight road be bent into a curve, with- 
out any alteration in its length, then the resistance and the 
consequent expense of motive power and rei)air9 will also 
be increased ; and it is usually supposed that the increase 
will be in proportion to the amount of bending. This 
increase, thereibre, is plainly not a consequeJice of the 
diMaiice, which remains as before, but merely of the bend- 
ing, dcfiectloH; or curvature ; and in equating for curva- 
ture, with a view to a comparison with straight lines, we 
have to consider, not the total resistance ujton the ewrve, 
but only that portion of it which is due to the carvaMire. 
If we knew, from experiment and observation, how much 
the expenses of running a road are aifected by curvature, 
we might prepare formulas giving a tolerably accurate 
solution of the question ; but in the absence of such data, 
we are compelled to resort to certain assumptions, the cor- 
rectness of which is somewhat problematical. It is prob- 
able, also, that facta which should materially modify our 
conclusions are lost sight of; as, for example, the greater 
danger of sudden curves. 

It is assumed that the toUd amovmi nf extra power due 
to curvature, and expended in running around any given 
curve, at any given s|>eed, is in proportion to the number 
of degreat contained in the curve, without n^ard to its 
Todbis or length. 

Thus, 1 " of radius of 400 feet has only J tJie length of 
1 ° of 1600 feet radius ; but the i-xtrii power exerted ai any 
one instant, on the short radius, must be 4 tames as gre^ 
as that on the long radius, in order to keep up the same 
speed on both. But on the long radius, although the 
power exerted at any one instant is only J as great as that 
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on the filiort one, still it lias to lie exerted 4 times as long, 
or (hiring 4 times as many instants, while canying the 
train at the same rate of speed through its 4-times-aa-long 
1°. Therefore, the total expenditure of extra power in 
running around 1° of curve is the same in both cases. 

Nnw, we liave alrtauly said that on a level straight line, 
in perfect m'der, and with the machinery in ordinary use, 
the resistance to a train moving at 25 miles an hour may 
be taken as approximately equal to 12 lbs, per ton of the 
entire weight of tlie train. We have also assumed that a 
curve with 1° of deflection angle increases this resistance 
to the extent of 1'05 lbs. ; and that with other angles of 
deflection, the increase of resistance will be in proporti<Hi . 
to the number of degrees contained in them ; so that a ] 
curve of 11 J" deflectJon angle will present an increase of 
continuous resistance equal to the whole of that on the 
straight line. In other words, the total i-esiatanoe exerted 
at each instant on the curve will be twice that exerted on 
the straight line at the same speed. Hence, if on any pro- 
posed lines of survey we have a mile of 11J° curvature, 
upon which the velocity is to be 25 miles per hour, that 
mile will require as much power as 2 miles of straight 
line. But a curve of 11 J° deflection angle has a radias 
of 500 feet, and a circumference of 3141 feet, which latter 
is of course equal to 360° of the cui-ve. And if 3141 feet 
are equal to 360° ; a mile, or 5280 feet, is equal to 605°. 
Hence, 605° of curve of llj" deflection angle requires a 
total expenditure of power equal to that required on 2 
miles of straight line ; in other words, the curvature alone 
requires an increase of power equal to the total power re- 
quired on a mile of Straight line. Therefore, if this mile, 
or 605° of 11^° curve, could be straightened into a mile 
of direct line, we should forever afterwards save the ex- 
pense of half the power required to run it; that is, we 
should save power enough to ran one mile of straight line. 
But we have before a'wumed that the power expended 
upon curves is in proportion to the number of degrees con- 
tained in the entire curve, without any r^jii-d to ^e radius, 
or to the lengtli of the curve. If this be the case, it fol- 
lows that, by merely straiffhtening 605° of any curve, we 
shall, without diminisliing ite length, save power enough 
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to run 1 mile, or 5280 feet of straight line ; or by straight- 

■ ,o . „ (« - .f 5280feet ^. 

enmg 1 we shall save ]»wcr siim<;ieiit lor — , ._□ =^ o"7 

feet of straight line ; and witJi this power, we should also 
save the ivear and t^r «f raa^^hinery and trark, eta, which 
it produces, and which are assumed to be about in pro- 
portion to th(! power expended. 

But the important point is to reduce this saving of 
power and repidrs to a moneyed value. This will vary with 
the annual expense of running the road. The prooeaa 
usually adopted for this purpose is as follows : Experience 
shows that of all the annual expenses of running a rail- 
road, those which may be assumed to be pretty nearly in 
proportion to tlie power expended, such as wear and 
repairs of engines, care, track, etc., eto., compose, as an 
average of many rt^s, about two-thirds. Therefore, if we 
judge from previous calculations that the annual receipts 
on our proposed railroad will be about $4500 per mile ; 
and the expenses about J3000,or two-thirds of the receipts, 
which is the approximate average of most railroads ; then 
about $2000 per mile, or 38 cents per foot of road, will 
generally be nearly in proportion to the motive power ex- 
pended. But we have seen that 1° of curvature, or deflec- 
tion, incurs as much annual expense for motive power as 
8-7 feet of straight line ; or, in this case, 38 cts. X 8-7 = 
$3'30. Now, 38 cents is the interest at 6 per cent, on 
$6-33 ; and $3-30 is the interest on $55 ; therefore, in this 
instance, according to the fore^ing, and with a speed of 
25 miles per hour, we should be warranted in expending 
$6'33 to shorten the length of the road one foot; or $55 
to merely straighten 1° of curvature. 

Having arrived thus far, we are enabled to decide, to 
some extent, upon the comparative merits of two or more 
surveyed routes for our road ; that is, we can equaie them 
Jot eurvatum. Thus, suppose that one of the surveys is 
100 miles long, and has 3025° of curvature ; while the 
other Ls but 98 miles long, but has 4840° of curvature. 
Now, since the annual expenses of 605° of curvature are 
equal to those on a mile of straight line, we have for the 
two lines as follows: 
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Therefore, as r^anJs annua! expenses, the longest line 
will be tlie cheapest bv nearly 1 per cent, so far as curva- 
ture is coneerueH. This may, however, be neutralized by 
superiority of grades on the shorter line; or by other 
causes not of an engineering character. 

This, we believe, is about the vitiw usually taken of this 
subject. Engineers, however, generally assume the resist- 
ance of curves at much less than our estimation of it, and 
consequently give a shorter straight distance as equivalent 
to 1° of curvature. Although we regard the whole pivacesB 
as empirical, it at least serves to caution us against too 
.hastily introducing curves, from a, mistaken idea of econ- 
omy in the first outlay. On the Pennsylvania R. R., at 
the time of its location, the saving of 1 foot of distance 
was valued at $10, or $52800 per mile; and the saving of 
1° of curvature at $50, or $18000 for a complete circle; 
tliiis making 1056°, or nearly three complete circles to be 
C(|uivalcnt to 1 mile of distance. With the present enor- 
mous business of that road the foregoing valuations of 
curvature and distance would be absurdly small. Compe- 
tition is a powerful element in such matters. 

Finally, inasmuch as the foregoing is merely a cnide, 
incomplete, and superficial treatment of this dimcult sub- 
ject, we again refer those who wish to study it in the light 
of tJie most recent experience and investigation, to the 
stanilard " Economic Theory of the Ltxation of Rail- 
ways," by Artliur M. Wellington, C. E. 
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ABTICLE XLIII. 
Tile Engineer's Transit. 

The following deseriiitioii is longer tliaa desirable ; but 
it would havo boon much more so if we had not assumed 
that the reader lias an ai'tiuii tmnsit lii;fcnt? him, anil can 
thus see at a giance luany puiatH which it would be tedious 
to dcseiilH! in writing, and which we therefoi'e omit. 

The details of the Transit are difTerenlly arranged by 
different makers, and to suit siiecial puriK)ses. Still its 
essential iiai'ts so neai'ly i-esemble eadi other iu all, that 
they may be imderstood from our Figs, 63^ and 5Si,whi<li 
repi-esent it in its mo<lern form, as made by Heller & 
Brightly, of Philadelphia.* This widely known firm 
fi-equeutly mtnlify the details of their instruments to meet 
the requirements of purchasers ; so that iu some eases tliey 
<lo not correspond exactly to the following description, or 
to our figs. We will specify some of the variations as we 
proceed. The letters on the two figs, correspond. Some 
letters are repeated for different parts, but not where they 
could lead to ern>r. 

The long bubble-lube, F F, Fig. 53|, under the tele- 
scope; and the vertical graduated sro ;/, are furnished 
only when the instninient is to l>e use<i for levelliugor 
for measuring vertiral anfrles. Withtiiit these appendagea 
the iiistrument is tlieir Plain Transit. With them, or 
rather with a gi*adiiati;d /'i/// '■/'/■(■/(• instead of a mere ttrc, 
it becomes virtually a Complete Theodolite, vastly prefer- 
able to the clumsy and heavy instruments occasionally 
imported from Europe tmder that name. 

Beginning at the wooden legs, their heads, Q, Fig. 53J, 
are attached (by means of bolts with wing heads) to lugs, 
D, (5ist in fine with a stout circular piece, B, Fig. 53^, 
calli-d the Tripod Head, which screws up into tlie lower 
parallel plate, S. The acrew-tlii-eads at v receive the screw 
of a worxlen tripod head cover when the instrument is out 
of use. 

Refen-iug now to Fig. 5.3J, in the center of the lower 

•The price of a firel-olasB plain transit, wilh Bhirting- plate and 

filumb-bob, bv theeo makcni, is #185. Uno wilL vertical urc, y, aod 
ong bubble-tlibo. FF, «220. 
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parallel plate, S S, is seen a laree cii-cuhir opening, in 
which plays a casting, ccdd, the upper part, d d, of 
which, forms a socket enclosing the half ball, b; while 
its lower pari, cc, below S, constitutes the shifting plate. 
The object of this shifting plate, and of the large open- 
ing, is, after the transit is set vei'y nearly over the center of 
a stake, to allow it to be placed exactly ovei- it, hy shitting 
all the upper parts of the instrument a trifle, without 
moving the legs ; thus saving time. To pennit thia 
shifting, the levelling scpews, K, must first be a httle 
hM)sencd, but after the shifting they are tightened again, 
by which pi'ocess tliey push upwanls the upper parallel 
plate, m, thereby di-awing upward the half ball, b, which 
in turn draws up tlie sliiftiug plate, o, firmly against tlie 
lower side of S, and keeps it tliere. 

Above the half liall, 6, and screwed to the top of it, is 
the single casting, mmm.rx, the upper part, wt mm, of 
which, forms the upper parallel plate; while the part xx 
forms a socket into which the spindles, U, T, and tc, foot. 
The half ball, by its play in its socket, dd, allows the 
upper parallel plate, m m (and all the upper parts of the 
instrtnuent), to be set level by the leveling screws, K, al- 
though the Imver parallel plate, SS (as constantly hap- 
pens), may not be so. The plumb-bob string passes 
thi-ough the vertical hole seen in the center of the half ball. 

The four levelling screws, K, are pi-otected from rain 
and dust by screw caps, / and g, which may be removed 
as shown at the right-hand screw, K. 

The feet, i, of the screws, work in loose sockets, _/, which 
are flat at bottotu, to preserve the jihitc, S, I'l-oin being in- 
dented. 

The parts thus far described are generally left attached 
to the wooden legs, not only in the field, but in the house 
between work. The parts above m (including the spin- 
dles, U, T, and lo, and all tlie upper pai-ts, which they 
support), may at any time be lifteil together off from, or 
replaced upon, the parts bch.iw, thus : 

To place the upper parts upon the parallel plates, place 
the lower end of the sjiindle, U U, in the socket, :vx, holding 
the instrument so that the tlii-ee i-ecesses in the flange, a n, 
shall ]>ass down over the tlii'ee ctiri'esjjoudiug blocks, F, 



no THE engineer's TRANSIT, 






fe, 



,lHlil " 



TlMI 






\ , 




THE ENQINBEKS TRASI 



THE ENGINEER'S TBANSIT. 




112 THE enoineer's TitANarr. 

nn the np|>er side of m; thus allowing the flange to hear 
fully upon m, and thus to bring upon m the ivcight of all 
the upper parts. The inner end of the spring-catch, I, 
in the meantime, automatically enters a gnxive aronnd U, 
just below the flange a a, thus serairiug tlie upper and 
lower parts together when the instrument ia carried over 
the shoulder. Now see that the clamp strews, e and H, 
are fast; and revolve the upper parts horizontally a trifle 
in either direcrtion until they are stopped by the striking 
of thi! Bmall lug on a a, agamst one of the fixed blocks, F. 
Tlie reeesaes in a a are now clear of the blocks, F. Tighten 
the clamp screw q, thus pressing the beveled edge of F 
tight up against Aat of ^e flange, a a, thereby fastening 
the spindle, U U, to the fixed parallel p!at<«. It is to re- 
main so while tlie instrument is being used ; U U and all 
below it then constituting, as it were, a fixed or stationary 
base, upon which all above it ia i'ree to revolve by means of 
the spindleii, TT and wm, which may turn iu U U, either 
singly or together, according as their respective clamps are 
loose or tight, as explainal further on. 

To remove the upper parts from the parallel plates, 
loosen the clamp-screw, q. Bring the recesses opposite the 
blocks. Hold back the spring catch, f, and lift ihs upper 
parts from wi. When they are so lifted, they are held 
t(^ether by the broad head of the screw which is seen 
inserted into the foot of the spindle, v>. This spindle is 
shown solid, but it is really made hollow in order to re- 
duce the weight of the instrument; and the screw spoken 
of fits into a plug let into its foot. 

Some engineers remove and replace the uppi-r jiarte of 
tlieir transit whenever they move it fi-om one stake to the 
next ; but others carry it, all in one, over the ehnulder. 

11''' riniif now in the Revolving Spindles, T T and w w. 
The Outer Spindle, T T, is cast in one with the Supporting 
Plate, 'A'A; &d called because it supports the Graduated 
Limb, O O, which is fastened to it by screws (of which 
two arc sw^n), and of course turns witli it, and with the 
spindle, T T. The Inner Spindle, w m, has, at its top, a 
broad flange, by means of which it is fa-^teiit^l by small 
screws (two of which are seen) to the Vernier Plate, P P. 
The vernier platu necessarily revolves with this iimer 
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spindle, and carries with it all the parts above it, as the 
Compass-Box, C ; the Htuudurds, V V; tiie telescope, eta 

To confine the Graduated Limb, O O, to the fixed 
spiudle, U, tit/him the GUiinp-acrew, H, This presses the 
split collar, 1 1, tiglitly against the fixed spiudle, U (but 
not against Z or T). The tongue, y, which projects from 
the collar, is held between the points of two set-screws, of 
which one, G, is shown, and which move in nuts that are 
cast in one piece with the supporting plate, Z Z. The 
latter is thus prevented from revolving when H is clamped, 
except by the alow-motion, which may still be given to it, 
and to its graduated limb, by means of the set^irews, G. 

To confine the Vernier Plate, P P, the telescope, etc., 
to prevent them from revolving over the graduated limb, 
O O, tighten the cl amp-screw, e. This binds hither the 
two small pieces at its foot, confining between them an 
edge of the graduated limb. The lower one of these pieces 
is fastened to one of the two towers, in which worms the 
tangent^screw, b, Fig, 53J. The other tower is fixed to 
ihe vernier plate. By this tangent-screw we may slightly 
chauge the distance apart of the two tuwers, and thus a 
slow-motion over the graduated limb can be given to the 
vernier plate after t is clamped tjght. 

Reviewing briefly, wheJi the transit is in use, the clamp, 
q, always remains fast, and the spindle, U, fixed. By 
clamping H we prevent Z Z and O O from revolving 
(except very slightly by means of the sct-acrews, G). By 
now clamping e we prevent w w, P P, the telescope, etc, 
from revolving horizontally (except slightly by means of 
the tangent-screw, h, Fig. 53J), and the entire instrument 
is clamped fast. Loosening e (H remaining clamped), we 
release the vernier plate, P P, and allow it, witli tlie 
teles(t)pc, etc., to revolve freely over the still stationary 
graduated limb, O O. Again, elatnping e and IiH)sening H, 
we have T T, Z Z, O O, w w, P P, the telescope, etc., free 
to revolve, os a whole, in the fixed spindle, U. 

W W is a Dust-box snrrounding the vernier plate, and 
protecting it and the graduated limb. 

C is ihe Compass-box, which is screwed fast to the 
vernier plate, P X* ; and fc A is the Needle ; just aliove 
which is seen the glass cover of the conipass-lHix, 
10* H 
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M, Fig. 63J, is u eroBft-section of one of the two short 
bubble-tubes; aud r is one of its capstan-headed udjusting- 
Bcpewa. To their right is seen a curved piece of brass for 
protMiting the bubble-glass. The poaitioDs of these two 
tubes are shown at M M, Fig, 63J. 

V V are the standards supporting the telescope. 

Atp, Fig. 5;JJ,-is one of the two Verniers with whinh 
the vernier plate is furni.slicd. Both may be read, and 
tiieir moan lalcen, when great accuracy is required. Ivory 
reflectors, c, facilitate their reading. 

Before the instrument is moved from one station to 
another, the needle should always be pressed up against 
the giaai cover by means of the milled-hcad upright screw 
seen on the vernier platfi, just to the right of the nearest 
standard. Its pivot-iK)int is tlius protected from injury. 

The Telescope, E O, is usually from 9 to 12 inches 
long. It is soirietimes made to show objects inverted; 
but more generally upright. 

At R, Fig. 53J, is a ring with a clamp (the latter not 
shown) for holding the t*(lescope in any required position. 
One end, R, of the axis of tlie telescope rests in a movable 
box at the tap of the standard. This box may be raised 
or loweral by means of a screw placed underneath it, and 
the axis thus adjusted for very slight derangements of the 
stantlards. The tangentr^crcw, whose head, d, is seen just 
below n n, moves a vertical arm attached to the elanip-ring 
at R, and is used for slightly changing the elevation of 
the telescojie in measuring vertical angles, or when using 
tile instrument as a level. 

In tlie vertical arm is a slit, similar to the one seen in 
tiie vernier-arm, /, of the graduated vcrtiaU arc, y. When 
zero of this vernier is plaivd exa«'tly at 30° on llio arc, 
aiul the op)M)site arm placed exactly oiiposite a small notch 
on the horizontal brace (not seen in our figs.) of the 
standard, the two slits will be exactly opposite each other, 
and may thus be use*! for laying ofl' offeets, etc., at right 
angles to the line of sight. 

The slide of the object-glass, O, Fig. 53}, is moved 
backward or forwanl by a rat^k and pinion, by moans of 
the millwi hml. A. 

The slide of the eye-glass, E, in somi^timw moved in 
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the same way by a milled head, h; but often tlie ^e-pieoe " 
is threaded, and in that case is muvtKl in or out by simply 
turning it. 

The objeot-slide is protected by a. dust-and- rain -guard, n. 

A short brass tube, called a shade, is usually I'urnislied 
with each transit. It is intended to be slid on to the i 
object-end, O, of the telescope, to prevent the glare of the 1 
sun upon the objectr-glass when the sun is low. 

The Cross-Hairs. — At B, Fig. 53^, is an outer strength- 1 
euing ring, see also Figs. 54, carrying four small capntan- 1 
screws, p p, i i. Those screws work in the cross-hair ring,' ' 
a, Figs. 64, which has, stretijhed across it, two spider-webs, 
V and h, usually called the oross-hairs. These are much 
finer tiian they appear to be, as they are considerably 
magnified by the eye-glass. The small holes around the 
heads of the 4 small capstan-screws, jsp, ii, are for ad-. , 
mitting tlie end of a small steel pin, or lever, for turning I 
them. If fiist the upper screw be loosened, and then the 
lower one tightened, the interior ring will be lowered, atid 
the cross-hairs with it ; and vice verm. The screws, i i, at 
the sides act in the same way for moving the ring sideways. 
If the telescope is an inverting one, that is, if it makes 
objects appear in verted, the cross-hairs will appear through 
the eye-glass to travel in the direction in which they 
actually move ; but when the telescope, as is usual, shows 
objects ereet, then the crose-hairs will appear to move in 
the direction opposite to their actual motion, as given by 1 
the screws. There is no danger of injuring the hairs ly' 1 
turning the capstan-screws, iuasmuch as the screws act 1 
upon the rhiff only ; and, as seen in Figs. 54, do not corae f 
in contact with the hairs themselves. 



AATICLE XLIV. 

To Adjust a. Transit. 
When either a level or a transit is purchased it is 
precaution to first screw the objects-glass firmly home to Us 1 
place ; and then make a short, continuous scratch upon 
the ring cif the glass, anfl ii|)on the head of its slide, so aa 
to be siuT at any time when at work that the glass is in I 
the same position, witli regard to the slide. For if, after I 
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all tli(! aiijiBtmentaare completed, the position of thegli 
xliould become chiinged (as it is apt to !« if unscrewed, 
and afterward not screwed up to the same jtrecise spot), 
the a<iju8tmeiits may thereby become materially deranged 
if the o!ij(¥-t^p;lii.ss is eccentric or not truly ground. Such 
scnitrliis .^liniilil l.c prepared by the maker. 

Before making adjustments, as well as while using a 
transit or JovoJ, the eye-glass and object-glass must be so 
drawn out that tliere shall be no parallax ; that is, so that 
the cross-hairs shall not appear to dance about if the eye 
is moved a little up or down or sideways. To secure this, 
take sight at some object, and move the object-glass and 
eye-glass until the object and the croes-hairs are both seen 
distinctly ; tlie latter without any of the apparent motion 
alluded to. After that, the eyeglass must be let alone 
and only the object-glass be moved for obtaining 
vision at diiferent distances. 

Hake the Adjustments in the Following Order. 

IsL To adjust the two short bubble lubes M M, Fig. 
53J. By means of the four levelUug screws, K, bring 
tlie t*vo bubbles to the middles of their tubes. Then turn 
the upper parts of the instrument half way around. If 
the bubbles do not remain in place, correct one-half of 
the error by means of the small capatan-headed screws, r, 
of which there are two at one end of each tube ; and the 
other half by the four levelling serewa. This operation 
must be repeat^ until the bubbles remain at the middles 
of their tnbes while the iastrnnient is being turned en- 
tirely around, 

2d. See whether the vertical hair is placed truly ao in 
the telescope. To do this, fii-st level up ; then take sight 
at a plumb hue, or other vertical object. If the two co- 
incide, the hair is right. But if not, loosen diyWy only 
two adjacaU screws, of the foarppii, Fig. 54, and wim 
a penknife, key, or other light instrument, tap very | 
against the sides of the screw heads, until the hair 
cities with the plumb line, etc., and then Lighten the 
Two or three trials may be ueccaatry. 

As to the horizontal hair, its exact position is not 
jKirtimt ; but it is U'wt to hiive it near or at the center 
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the vertical one ; and if the iustmment is to be used for ] 
levelling, or for taking angles of elevation or depreesio 
from the horizontal, take care that it is not moved after ] 
the adjustments are finished. 

3d. To Bee whether the vertical hair travels vertically 
while the telescope is being moved up and down. 

First, level up ; then take sight at some high object, siirli 
as the top of a church steeple near by. Clamp, and lower ■ 
the telescope so as to sight on some low object. If there 
b no other, drive a stake, or chain-pin, etc., in the line. 
Undamp, and revolve the upper parts of the instrnment 
half way around. Clamp, and sight again at the high 
point. Lower the telescope again to the low point. If 
the hair still strikes this last it is in order. If not, the 
standards V V have been deranged, and tlie instrument 
must be sent to the maker to be rectified, unless it be pro- 
vided with an adjusting block and screw under one end of 
the axis of the telescope, by means of which slight de- 
rangement of standards may be counteracted. One- 
quarter of the error must then be corrected by this; and 1 
the trial be repeated de novo ; resetting the stiute or cjiaiu- 
pin at each trial. 

4th. To adjust the line of collimation, so that the ver- ' 
tical hair shall strike objects in the same straight line on 
both sides of the instrument, when the telescope is i-e- J 
volved vertically for taking both back and foresights. 1 

Placing the instrument firmly at a, Fig. 55, level up, ] 
and take sight at any convenient object, 6, as a cliain-pin, 
stake, etc., distant 100 feet or more. Clamp, and revolv- ' 
ing the telescope vertically, ob- 
serve some other object, as c, ^ .^""^ 

where the vertical hair then E MS— ■" 

strikes; or better, drive a chain- '"~-^ *' 

pin, c, in the line. It is not ^ "' "'™ 

necessary that the distances a b, ac, be equal ; the longer 
they are the better. Unclamp, and turn the up[3cr parts 
of the instrument half around horizontally, until the 
vertical hair again strikes b. Clamp, and ^ain revolve 
the telescope veitdcally. If the hair now strikes c, this 
adjostment is in order, and c is really at o. But if it does 
ncrt, observe where it does strike, say at vi, and place a piu 
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there also. Measure m c, and at one-fourth of it, as atfl 
plat'e auotlier pin. Tlieu by the two horizontal screws, ii, 
Fig. 64, move the vertical hair until it strikes v, remem- 
bering that the hair must he moved in the oppo^ote direo- 
tioa from what appears to be the right one, unless the 
telescope is an inverting one, which is now rarely the 
case. 

The trials must be rei>eat«l iiutil the adjustment is per- 
iwt. 

The foregoing are all the adjustments needed, unless 
the transit is require*! for levelling, in which case the 
following one must Ije attended to. 

5th. To adjust the long bubble tube, FF, Fig. 53|, 
beneath the telescope, so that when level, it shall be par- 
allel with the line of sight, or of coUimation. 




Drive two pegs, a and 6, Fig. 56, with their tops at 
precisely the same level (see Kem. p. 119) and at least 
about 100 feet apart; 300 or more will be better. Plant - 
the transit -tirnily, in range with tliem, as at c, making 
6 c an aliquot part of a b, and as short as will permit 
focusing on a nxi at b. The transit need not be leveled. 
Suppose the line of sight to cut e and d. Take the 
readmgs b e and a d. Their difference is b e — a d^ 
a n — a d^d n; and a b : a c : : d n i d b; s being the 
height of the tai^t at a when the readings {a s,bo)< 



,,, ..dnX-ae 

(ig=ad+aH=o«-l .— ■ 

a 

If the reading on a exoeedv tiiat on b (as when the line 
of sight is vfg) the difference of readings is^ar/ — 6/= 
giXac „. ,. 



the two stakes are equal. 



; and a a~ 



to », bring the bubble to the center of its tube by means 
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of the two small nute n n at ooe end of the tube, Fif;. 53J, 
find assume that the telescope aiifl tube are parallel.* 

Remark. If no level is at hand, the two stakes, a A, Fig. 
56, or m n, Fig. 57, may be set level by the transit itself, 
thus : Level tne instrument by the 4 levelling ecrewB. 
Drive one of the stakes, say m, at a distance of 100 to 
300 feet from the instnimeDt, o. Place a target-rod on m, 
and clamp the tai^^^t't tight at any convenient heij^ht what^ 
ever, as e.v, at which the horizontal hair may be made to 
strike It; it being of no impoTtance whether the telescope 
ia level or not. Clamp the telescope by the clamp at R, 
Fig. 53i, 80 that it cannot revolve vertically. Then re- . 
volve the instnimeat horizontally a considerable way i 
around ; it may be nearly or 
quite half way ; and drive yi^—^"^^j 
another stake ii, at precisely "it 
the same distance from o that *" 
m is ; and continue to drive it until the liorizontal hair ] 
again cuts tlie taiget placed on top of it, and still clamped 1 
at the same height as when oo m. J 

The fops of the stakes are then on the same level, and J 
ready for the preceding 5th adjustment, 

To Replace Broken CrosB-Hairs. 

These so-called liairs are, in fact, veryjlne cobweb; fine 1 
human hair is entirely too coarse. I 

Take out the tutjc from the eye end of the telescope j 1 
and looking in, notice which side of the cross-hair dia- 1 
phr^m, a a, Fig. 54, is turned toward the eye. Then 
loosen the four screws, pp, ii, Fig. 54, which hold the 
diaphragm, so as to let the latter fall out of the tele- 
scope. Fasten on new hairs with beeswax, varuiah, or 



•This neglects asmnll error dne to the curvature of the earth; 
% horvatvlai line at w ia o h, tangenti:il to Ihe eurved (or "level") BUr- I 
faee of rtill vfater at v, whereas r e is taiigentia! lo wiiter Burfate 
poiaL midwuj betneen n nnd b. Hence if Ilie telescope at v poialH 
to s it will not be pHrallel to the level bobble-tube. To allow for 
thiH, and for the refraction bj the iiir, which dimininhfa the error, 
ndse the larcet on u toa point h above >. h ff=.00(MX)00205XBqaBie 
of a c in feet; but when a c is (1511 feel, A s is onlv about rme-tenth <4 
nn inch and bnrelj' covers the niiparent thickness of (he crosa-bair in i 
■he telescoiio. 
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gum-arabic water, etc. This requires care. Then, to 
return the diaphragm to its plara, prew firmlv into one of 
the screw-holes on ita circumference the end of a etick, 
long enough to reach to where l^e diaphragm belongs. 
By this stick, as a handle, ioscrt die diaphragm edgewise 
into its place ; and hold it there until two opposite screws 
are put in place and screwed. Then draw the stick out 
of the hole in the diaphragm ; and with it turn the dia- 
phr^;m until the same side presents itself to the eye as 
before; then put in tlie other two screws. 

To Replace a Broken Babble-GlaBS. 

Detach the bubble tube from the instrument ; draw off 
it8 sliding ends; pusli out the broken glass, and the 
oenient which held it. Insert the new glass, with the 
proper side up (this side is always marked by the maker 
with a file-mark}, wrapping some paper around its ends 
if it fits loosely. Finally, put a little putty, or melted 
beeswax, over tlio ends of tlte vial, to scciu^ it against 
nioviug in its tube. 

In purchasing instruments, especially when they are to 
l>e usai far from a maker, it is advisable to provide extras 
of such parts as may be easily broken or lost; such as 
glass com pass-covers, compass-needles, adjusting-pins, 
bubble-glasses, magnifiers, etc. 

The following is a good form of fleld-book for the 
transit and compass combined. 

I J I I Defiecllon I The ri^hl hntid p^te 

»""-• ■»»«"«■ DiSii, "™- Jii5!r^ S.%1 SaSK 

I { I I LefL 1 Ri^liL I of Toi>ogia[ihf . 

ARTICLE XLV. 
Sines, TangentB, Etc. 

The Complement of an angle or are is its difference 
from 90". Thus, in Fig. 58, the arc, A B, of 60°, is the 
complement of B C, which is 30° ; and B C is the com- 
plement of A B. In like manner, B C is the complement 
of B C D ; B C D that of B C D F ; and B C D F that 
of B C D F A. 

The Supplement of an angle or are is its difference from 
180°. Thus A B and BCD are supplements to each 
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other : so also A H is the supplement of A B C D E : and 
BCD is that of BCD FA. 

The Sine of an augle or arc is a straight line, B \V, 
drawn from either extremity, as B, of tlie angle or an;, 
A B, perpeodicular to the radius, A X, which joiua tlie 




other extremity, A, of the arc, and the center, X, of the 
circle. 

The Tangent is a straight line, R A, touching one ex- 
tremity, A, of the arc, A B, and limited between that 
point and its intersection, R, with a secant, X R, which 
passes through the other extremity, B, of the are. 

The Seoant is a straight line, X R, drawn from the 
center, X, of a circle, through one extremity, B, of an arc, 
A B, to meet the farther extremity, R, of a tangent, B A, 
which toiK^heH the otlier extremity, A, of the arc 

For Versed Sines, see p^e 169. 
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The Cosine of an angle or arc is the Sine of the Com' 
plement of the arc. 

The Cotangent is the Tangent of the Complement 
The Cosecant is the Secant of the Complement 




inig.5S 



The Sine, Tangent, Secant, Cosine, Cotangent, and 
Cosecant of an arc, are respectively = the Sine, Tangent, 
Secant, Cosine, Cotangent, and Cosecant of the supplement 
of the arc ; but the versed sine of an arc is not = the versed 
sine of the supplement of that arc. Sec page 169. 

Thus, in Fig. 58, 

60° 120° 2¥P 

BW(=TE)istheSineofaresAB,BCD,ABCDE, 

BCDEFA. 

A R (= D S) is the Tangent of the same arcs. 
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L R (^ X S) is the Secant of the same arcs. 

L W (= X Tl is the Cosine " " " " 
C Z (= F K) is tlw Cotangent '• " " " 
X Z (= X K) is the Cosecant " " " " 

Natural Sines, etc., ai'c those for a circle whn^ 
ixl. 

On p. 124 will be found a Table of Natural Sines, 
Tangents, Cosines, and Cotangents, for all ans from t)-' 
to 90"; and, on p. 123, directions for extending them to 
all other angles up to 360°; also for finding the sftaute 
and cosecants of all angles from 0° to 360°. 

Remark. — When, as in Art. XXXIV., an angle is to 
be found from the table by means of its sine, etc., it is 
important to bear in mind that each sine, etc., in the table, 
is sine, etc, to four different angles, one in each quadrant 
of the circle, as shown in the remarks on Fig. 58; while 
the table gives but one angle {that in the firet quadrant, 
or between 0° and 90°), for each sine, etc. The four 
angles thus corresponding to any one sine, etc., arc neties- 
sarily supplements of each other. The cii-cunistances of 
the ease must determine which of the four is the requireil 
angle. Thus, in Fig. 46, x is evidently between 0° and 
90°; while in Fig. 47 it is between 90° and 180°. 

BemarkB on ttie following Table of Sines, Etc. 

The following table does not contain secants or co- 
secants, bnt these may be found thus: for any angle not 
JjBXceeding 90^: 

Secant. — Divide 1 by the cosine. ^H 

Cosecant. — Divide 1 by the sine. -"^M 

For versed sines, see Table, p. 170. ' 

For angles exceeding 90°, and less than 180°, take the 
angle from 180°; if between 180° and 270°, take 180° 
from the angle; if between 270° and 360°, take the angle 
fmm 360°; then, in each case, the sine, cosine, tangent, or 
cotangeni of the remainder, as given by the table, is the 
8iW, coeine, tangent, or cotangent of the angle itself; and 
the secant or cosecant of tlie remainder, found as first 
direoted above, is the secant or cosecant of the tingle. 

For Versed Sines, p. 122, see Table, pages 170'to 192. 
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VERSED SIXES. 



ARTICLE XLVI. 

Versed Bines. 

Tli^ Versed Sine of an angle or ai-c, A B, Fig. 58, is 

that piu't, W A, of the diameter, D A, which is betwt«ii 

tlie sine, B W, and the extremify, A, of the arc 

Thus, 

«P 3r*P 

WA(-^DT)isthevereedsineofABandofBCDEFA. 
W D (=T A) is the versed sine of B 0°I> and of AB'CD E. 

The versed sine is^radius minus cosine. (See p. 121.) 
Bat in the second quudrunt C D (counting from A), or in 
niigles of between 90° and 180°, and in the third quadrant 
DP, or between 180''and 270°, the cosines TX etc., extend 
from the center to the left, and are regarded aa negative or 
minus. Hence in angles of more than 90° and less thun 
270°, the numerieal value of the versed sine is radius plua 
cosine. 

On pages 170 to 192 i.saTabIeof Natural Versed Sines 
(those of cirdes whose radiua is 1) for all angles fi-om 0° 
to 360°. 

The versed sines of angles increase from at 0° to 2 
at 180° ; and tlien decrease from 2 at 180° to at 360°. 
The angles are read downward on the lefi of the column, 
from 0° to 180° ; and upward on the right, from 180° to 
3(J0°. Eacli versed sine thus correspontls to two angles, 
and when au a-ngl-e is to be foimd from the table by means 
of its versed sine, we must decide from the circumstaut^es 
of the case wliich of tlie two is the angle required. See 
It^mark, p. 123. 

To find the versed sine of an angle containing an odd 
number of minutes, take the mean between those immedi- 
ately above and below it in the table. Thus, to find the 
versed sine of 89° 57' (the versed sines vary most rapidly 
at 90° and at 270°), we find in the table tiie versed sine 
of 89° 66' (-9988) and that of 89° 58' (-9994); and the 
moan between these two, or "9991, is the requh'ed vei'sed 
sine of 89° 57'. 
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